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ABSTRACT
T h i s  t h e s i s  i s  d i v i d e d  i n t o  s i x  c h a p t e r s .  C h a p t e r  
one  p r o v i d e s  b o t h  an i n t r o d u c t i o n  t o  t h e  b i o s y n t h e s i s  o f  
p o l y k e t i d e  m e t a b o l i t e s ,  and i n c l u d e s  a d e t a i l e d  r e v i e w  o f  
t h e  a c c u m u l a t e d  e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  t h e  
' t e t r a c y c l i n e '  a n t i b i o t i c s .  C h a p t e r  two d e s c r i b e s  a s t u d y  
o f  v a r i o u s  t e t r a c y c l i n e - p r o d u c i n g  s t r e p t o m y c e t e s  i n  
s u b m e r g e d  f e r m e n t a t i o n .  The f o r m a t i o n  o f  t h e  a n t i b i o t i c s  
i n  r e l a t i o n  t o  v a r i o u s  f e r m e n t a t i o n  p a r a m e t e r s  h a s  b e e n  
e x p l o r e d ,  and m e t h o d s  f o r  t h e i r  d e t e r m i n a t i o n  s t u d i e d ,  p r i o r  
t o  an i n v e s t i g a t i o n  o f  t h e i r  b i o g e n e s i s  t h r o u g h  t h e  
a p p l i c a t i o n  o f  a u t o r a d i o g r a p h y .
I n  c h a p t e r  t h r e e ,  t h e  d e v e l o p m e n t  o f  a w a s h e d  c e l l  
a u t o r a d i o g r a p h i c  t e c h n i q u e  f o r  t h e  o b s e r v a t i o n  o f  de  n o v o  
o x y t e t r a c y c l i n e  b i o s y n t h e s i s  i s  d e s c r i b e d .  I n c u b a t i o n  w i t h  
r a d i o a c t i v e l y - l a b e l l e d  p r e c u r s o r s  l e d  t o  t h e  a c c u m u l a t i o n  
o f  n u m e r o u s  m e t a b o l i t e s ,  i n  a d d i t i o n  t o  t h e  a n t i b i o t i c .
r 1 4  iTwo c o m p o n e n t s  d e r i v e d  f r o m [ l -  C j a c e t a t e  w e r e  i d e n t i f i e d  
a s  t h e  amino  a c i d s ,  a s p a r t a t e  and g l u t a m a t e .  Q u a l i t a t i v e l y  
s i m i l a r  a u t o r a d i o g r a m s  w e r e  o b t a i n e d  f r om o t h e r  t e t r a c y c l i n e -  
p r o d u c i n g  o r g a n i s m s .
C h a p t e r  f o u r  d e s c r i b e s  t h e  e x t e n s i o n  o f  t h e  
a u t o r a d i o g r a p h i c  s u r v e y  t o  i n c l u d e  n o n - t e t r a c y c l i n e  
e l a b o r a t i n g  s t r e p t o m y c e t e s ,  i n  an e f f o r t  t o  e v a l u a t e  t h e  
u s e f u l n e s s  of- t h e  t e c h n i q u e  a s  a t a x o n o m i c  p r o b e  f o r  common 
m e t a b o l i t e s .  In  s t r a i n s  p r e f e r e n t i a l l y  f o r m i n g  p o l y k e t i d e  
s e c o n d a r y  m e t a b o l i t e s ,  g l u t a m a t e  was i d e n t i f i e d  a s  a m a j o r  
a c e t a t e - d e r i v e d  c o m p o n e n t .  Ho w e v e r ,  t h r e e  r e p o r t e d  
b e t a - l a c t a m  p r o d u c i n g  s t r e p t o m y c e t e s  d i d  n o t  show t h i s
t r a i t .
1 3C h a p t e r  f i v e  d e s c r i b e s  a C nmr s t u d y  o f  t h e  
o r i g i n s  o f  t h e  t e t r a c e n e  n u c l e u s  o f  o x y t e t r a c y c l i n e .
T O  1 3
F e e d i n g  s t u d i e s  w i t h  [ l -  C ] -  a n d [ 1 , 2 -  C2 ] a c e t a l e > h a v e
c o n f i r m e d  an e x c l u s i v e  p o l y k e t i d e  o r i g i n  o f  t h e  t e t r a c y c l i c  
c a r b o n  s k e l e t o n ,  and s u g g e s t e d  t h e  mode o f  c y c l i s a t i o n  o f  
an h y p o t h e t i c a l  l i n e a r  p o l y k e t i d e  i n t e r m e d i a t e .  S u b s e q u e n t  
i n c o r p o r a t i o n  o f [ 1 , 2 , J ma l o na t e  h a s  c o n f i r m e d  t h e  
e x i s t e n c e  o f  a m ec h an i s m f o r  t h e  i n c o r p o r a t i o n  o f  an 
i n t a c t  m a l o n a t e  p r i m e r  u n i t  ( c a r b o n s  1 , 2  and t h e  c a r b o x a m i d e )  
i n t o  o x y t e t r a c y c l i n e .
13  18F e e d i n g  s t u d i e s  w i t h  [ l -  C, O j a c e t a t e  ha v e  shown t h e
a c e t o g e n i c  o r i g i n s  o f  t h e  o x y g e n  s u b s t i t u e n t s  a t  c a r b o n s  1 ,
3 , 1 0 , 1 1 , and .12 o f  o x y t e t r a c y c l i n e , w h i l s t  i n c o r p o r a t i o n  o f  
13[ 1 -  C , 2 - CD  ^ ] a c e t a t e  h a s  i m p l i e d  r e t e n t i o n  o f  d e t e c t a b l e  
l e v e l s  o f  d e u t e r i u m  a t  c a r b o n s  7 and 9 o n l y .
The e x p e r i m e n t a l  s e c t i o n  may be  f o u n d  i n  c h a p t e r  
s i x ,  w h i l s t  an a p p e n d i x  i s  i n c l u d e d  a t  t h e  end o f  t h e  
r e p o r t ,  g i v i n g  f u l l  d e t a i l s  o f  me d i a  c o m p o s i t i o n  n e c e s s a r y  
f o r  t h e  g r o w t h  o f  t h e  o r g a n i s m s  s t u d i e d .
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CHAPTER ONE 
GENERAL INTRODUCTION
1 . 1  C l a s s i f i c a t i o n  o f  n a t u r a l  p r o d u c t s
S u c c e s s f u l  e x p l o i t a t i o n  o f  an a v a i l a b l e  n u t r i e n t  
s u p p l y  i s  e s s e n t i a l  t o  t h e  s u r v i v a l  o f  a l l  l i v i n g  t h i n g s .  
E n z y m a t i c  d e g r a d a t i o n  o f  m a c r o m o l e c u l e s  i n t o  r e a d i l y  
a s s i m i l a b l e  c h e m i c a l  s p e c i e s  ( c a t a b o l i s m  ) , l i b e r a t e s  
c h e m i c a l  e n e r g y ,  w h i c h  can be  t e m p o r a r i l y  h a r n e s s e d  i n  
t h e  f or m o f  a d e n o s i n e  t r i p h o s p h a t e  ( A TP) .  C o n c o m i t a n t  
h y d r o l y s i s  o f  t h e  t e r m i n a l  p h o s p h a t e  r e s i d u e  c a n a l i z e s  
t h i s  e n e r g y ,  p r o m o t i n g  t h e  b i o s y n t h e t i c  t a s k s  o f  t h e  
o r g a n i s m  ( a n a b o l i s m ) .  Such a m b i v a l e n t  p r o c e s s e s  e n s u r e  
t h e  p r o v i s i o n  o f  k e y  co mp o u n ds ,  e . g .  p r o t e i n s ,  n u c l e i c  
a c i d s ,  s u g a r s  and a c e t y l  CoA, e s s e n t i a l  m e t a b o l i t e s  i n  
t h e  economy o f  b o t h  p r o k a r y o t e s  and e u k a r y o t e s .
The  g e n e r a l  d i s t r i b u t i o n ,  and f u n d a m e n t a l  i m p o r t a n c e  
o f  t h i s  g e n r e  o f  n a t u r a l  p r o d u c t ,  h a s  l e d  t o  t h e i r  
c l a s s i f i c a t i o n  a s  p r i m a r y  m e t a b o l i t e s  ( T a b l e  l . l ) " * ' .
Many o r g a n i s m s  a l s o  e l a b o r a t e  h i g h l y  i d i o s y n c r a t i c  
c o mpo un ds ,  w i t h o u t  o b v i o u s  r a i s o n  d ' e t r e .  S t r u c t u r a l l y  
d i v e r s e ,  t h e s e  compounds  a r e  i n  t-he main  d e r i v e d  f r om  
p r i m a r y  m e t a b o l i t e s  and t h e i r  i n t e r m e d i a t e s .  The  r e s t r i c t e d  
t a x o n o m i c  d i s t r i b u t i o n  o f  t h e s e  s u b s t a n c e s ,  and t h e i r  
a p p a r e n t  n o n - e s s e n t i a l  r o l e  i n  t h e  economy o f  t h e  
p r o d u c i n g  o r g a n i s m ,  h a s  l e d  t o  t h e i r  c l a s s i f i c a t i o n  a s  
s e c o n d a r y  m e t a b o l i t e s  ( T a b l e  l . l ) ^ .
S t r u c t u r a l  a n a l y s i s  o f  s e c o n d a r y  m e t a b o l i t e s  
f r e q u e n t l y  i n d i c a t e s  t h e i r  b i o s y n t h e t i c  o r i g i n s ,  and  
e x p e r i m e n t a t i o n  w i t h  i s o t o p i c a l l y  l a b e l l e d  p r e c u r s o r s  
h a s  b e e n  u s e d  t o  t e s t  b i o g e n e t i c  h y p o t h e s e s .  Common
p r i m a r y  p r e c u r s o r s  o f  s e c o n d a r y  m e t a b o l i t e s  a r e  i l l u s t r a t e d  
i n  T a b l e  1 . 2
TABLE 1 . 1  C h a r a c t e r i s t i c s  o f  p r i m a r y  and s e c o n d a r y
1
m e t a b o l i t  e s
P r i m a r y  m e t a b o l i t e s s
( a )  P r o d u c t s  o f  g e n e r a l  m e t a b o l i s m
( b )  Br o a d  d i s t r i b u t i o n  i n  p l a n t s ,  a n i m a l s  and m i c r o ­
o r g a n i s m s  e . g .  amino  a c i d s ,  a c e t y l  CoA, mono­
s a c c h a r i d e s ,  m e v a l o n i c  a c i d ,  n u c l e o t i d e s .
S e c o n d a r y  m e t a b o l i t e s ;
( a )  P r o d u c t s  o f  s p e c i a l i s e d  p a t h w a y s
( b )  B i o s y n t h e s i s e d  f ro m p r i m a r y  m e t a b o l i t e s
( c )  R e s t r i c t e d  d i s t r i b u t i o n ,  f o u n d  m o s t l y  i n  p l a n t s  
and m i c r o o r g a n i s m s  ( o f t e n  c h a r a c t e r i s t i c  o f  
i n d i v i d u a l  g e n e r a ,  s p e c i e s  o r  s t r a i n s )  e . g  
a l k a l o i d s ,  t e r p e n e s ,  p h e n o l s ,  o l i g o s a c c h a r i d e s ,  
f l a v a n o i d s ,  a n t i b i o t i c s .
M i c r o o r g a n i s m s  a r e  a p a r t i c u l a r l y  r i c h  s o u r c e  o f
s e c o n d a r y  m e t a b o l i t e s ,  many o f  w h i c h  e x h i b i t  a n t i b i o t i c
a c t i v i t y .  S t r e p t o m y c e t e s  p r o d u c e  many o f  t h e  i m p o r t a n t
f a m i l i e s  o f  t h e s e  co mp o u n d s ,  i n c l u d i n g  t h e  t e t r a c y c l i n e s ,
m a c r o l i d e s ,  and g l y c o s i d e s , ,  r e p r e s e n t a t i v e s  o f  w h i c h  a r e
shown i n  F i g  1 . 1  . A l s o  i n c l u d e d  h e r e  a r e  c h l o r a m p h e n i c o l ,
now p r o d u c e d  more e c o n o m i c a l l y  by t o t a l  s y n t h e s i s ,  and
c l a v u l a n i c  a c i d ,  one  o f  a g r o u p  o f  n o v e l  b e t a - l a c t a m s
2
r e c e n t l y  d i s c o v e r e d  i n  s t r e p t o m y c e t e s  . T h i s  compound
i s  n o t e w o r t h y  b e c a u s e  o f  i t s  i n h i b i t o r y  p r o p e r t i e s
3
a g a i n s t  b e t a - l a c t a m a s e  e n z y m e s  ,
TABLE 1 . 2  B i o s y n t h e t i c  c l a s s i f i c a t i o n  o f  s e c o n d a r y  
m e t a b o l i t e s
P r i m a r y  p r e c u r s o r s  
Amino a c i d s
M e v a l o n i c  a c i d  
M o n o s a c c h a r i d e s
A c e t y l  CoA and  
p r o p i o n y 1 CoA
u n i t s  ( ex  f o r m a t e  
and m e t h i o n i n e )
1 . 2  The a c e t a t e  h y p o t h e s i s
A m a j o r  c l a s s  o f  s e c o n d a r y  m e t a b o l i t e s  a r e  t h e  
p o l y k e t i d e s  ( T a b l e  1 . 2 )  , p o s s e s s i n g  s t r u c t u r e s  o f  g r e a t
d i v e r s i t y ,  b u t  r e l a t e d  t h r o u g h  t h e i r  common f o r m a t i o n  by  
t h e  a c e t a t e - p o l y m a l o n a t e  r o u t e  b
S e c o n d a r y  m e t a b o l i t e s  
A l k a l o i d s
P e p t i d e  d e r i v a t i v e s  ( p e n i c i l l i n s )  
N o n - n i t r o g e n o u s  p r o d u c t s  
( c i n n a m i c  a c i d s )
T e r p e n e s ,  s t e r o l s ,  c a r o t e n o i d s  
and g e n e r a l  p o l y i s o p r e n o i d s
G l y c o s i d e s ,  o l i g o s a c c h a r i d e s  
( s t r e p t o m y c i n ) ,  and m o d i f i e d  
s u g a r s  ( k o j i c  a c i d )
P o l y k e t i d e s ;  f a t t y  a c i d  d e r i v a t i v e s ,  
p o l y a c e t y l e n e s ,  m a c r o l i d e s  and  
n um e r o us  p h e n o l s
I I
-OMe, - S M e , ^ M e  , -CMe,  -CCHo 0H
I I d
g r o u p s ,  e t c .
F i g  1 . 1  E x a mp l e s  o f  s t r e p t o m y c e t e  s e c o n d a r y  m e t a b o l i t e s
NH
II
NHCHNH
HO
NHCNH.
\ O H
CHO
Me
OH O
c h 2o
V
MeNH
OH
STREPTOMYCIN 
ex S. griseus
H
CLAVULANIC ACID 
ex S.clavuligerus
OH
NO
Cl H C O C H N O H
CHLORAMPHENICOL 
ex S.venezuelae
Me
.  o  H O '"-
r Mo n u
NMe
e OH
Mev"N
O  Me
Me OMe
ERYTHROMYCIN 
ex S. erythreus
HO Me OH NMe
OH
-NH
OH
OH
OXYTETRACYCLINE 
ex S.rimosus
MeMe
MeMe
OH
MeMe
Me
OOH OH
(1) ( 2 )
OH O OH
Me
Me
OH
0
HO' Me
(3)
via
OH
Me
CO
(4 )
O r s e l l i n i c  a c i d
V Zi-C o l l i e  ( 1 8 9 3 ,  1 9 0 7 )  , d e m o n s t r a t e d  i n  v i t r o
c y c l i s a t i o n  o f  p o l y - f3 * - k e t o  c o m p ou n d s .  I n  b a s i c  r e a c t i o n  
medium,  d i a c e t y l a c e t o n e  ( l )  f o r m e d  a n a p t h a l e n e  d e r i v a t i v e  
( 2 ) .  S i m i l a r l y ,  p y r o l y s i s  o f  e t h y l a c e t o a c e t a t e  y i e l d e d  
d e h y d r o a c e t i c  a c i d  ( 3)1 w h i c h  c o u l d  g i v e  r i s e  t o  o r s e l l i n i c  
a c i d  ( ^ ) .  From s u c h  o b s e r v a t i o n s ,  C o l l i e  s u g g e s t e d  a 
s i m i l a r  m ec h an i s m m i g h t  o p e r a t e  i n  n a t u r e .  H o w e v e r ,  t h e  
h y p o t h e s i s  c o u l d  n o t  be v i n d i c a t e d  a t  t h e  t i m e ,  t h r o u g h  
l a c k  o f  f u n d a m e n t a l  k n o w l e d g e  o f  n a t u r a l  p r o d u c t  s t r u c t u r e s ,  
and s u i t a b l e  e x p l o r a t o r y  t e c h n i q u e s .
S u b s e q u e n t l y ,  l a r g e  n u mbe r s  o f  p h e n o l i c  n a t u r a l
p r o d u c t s  w er e  d i s c o v e r e d  and made t h e  . ' a c e t a t e  h y p o t h e s i s '
a c r e d i b l e  p o s s i b i l i t y  B i r c h  ( 1 9 5 5 )  ^  c o n f i r m e d
t h e  p o l y k e t i d e  o r i g i n  o f  6 - m e t h y l s a l i c y l i c  a c i d  ( 5 ) »
e x  P e n i c i l l i u m  p a t u l u m . [ l -  C] a c e t a t e - d e r i v e d  ( 5 ) »  g a v e
a l a b e l l i n g  p a t t e r n  c o n s i s t e n t  w i t h  t h a t  r e q u i r e d  f o r
' h e a d  t o  t a i l '  l i n k a g e  o f  Cg u n i t s ,  l e a d i n g  t o  a
h y p o t h e t i c a l  l i n e a r  t e t r a k e t i d e .  F u r t h e r  e v i d e n c e
s u p p o r t e d  t h e  g e n e r a t i o n  o f  ( 5 ) f r om an a c e t a t e  p r i m e r
u n i t ,  and c o m p l e m e n t a r y  c o n d e n s a t i o n  o f  t h r e e  m a l o n a t e
r e s i d u e s ;  t h e  t e t r a k e t i d e  m o i e t y  w o u l d  t h e n  c y c l i s e  t o
12f or m ( 5 ) »  Scheme 1
1 . 2 . 1  F a t t y  a c i d  b i o s y n t h e s i s
M e c ha n i s m s  f o r  t h e  f o r m a t i o n  o f  a h y p o t h e t i c a l
l i n e a r  p o l y k e t i d e  a r e  s u p p o r t e d  by a v a i l a b l e  e v i d e n c e
1 3 - 1 9f ro m e x t e n s i v e  s t u d i e s  o f  f a t t y  a c i d  b i o s y n t h e s i s  .
13A c e t a t e  ( e x  a c e t y l  CoA) a c t s  a s  a p r i m e r  u n i t ,  b e i n g
t r a n s f e r r e d  w i t h i n  t h e  c o n f i n e s  o f  a m u l t i - e n z y m e  c o m p l e x ,
14
by an a c y l  c a r r i e r  p r o t e i n  ( HS. ACP)  » t o  a t h i o l  r e s i d u e
©
Me
CoAS
;
SCoA
CO,
CO SC oA
SCoA
Me
COSCoA
co2
Me
CO oH
OH
Me
COSCoA
OH
( 5 )
Scheme 1 B i o s y n t h e s i s  o f  6 - m e t h y l s a l i c y l i c  a c i d  ( 5 )
, m , .
( C n u c l e i  i n d i c a t e d  hy • )
1 *5 16o f  t h e  c o n d e n s i n g  enzyme . M a l o n y l  CoA , f o r m e d
from t h e  b i o t i n - d e p e n d e n t  c a r b o x y l a t i o n  o f  a c e t y l  CoA, i s
s i m i l a r l y  t r a n s f e r r e d  t o  an HS.ACP,  and d e l i v e r e d  t o  a s i t
a d j a c e n t  t o  t h e  p r i m e r  u n i t .  D e c a r b o x y l a t i o n  o f  m a l o n y l .
17SACP i s  t h o u g h t  t o  p r o m o t e  t h e  c o n d e n s a t i o n  ' b e t w e e n
18t h e  t wo  r e a c t i v e  s p e c i e s ,  g e n e r a t i n g  a c e t o a c e t y l . SACP 
S t e p w i s e  r e d u c t i o n s ,  a c c o m p a n i e d  by e l i m i n a t i o n
19o f  w a t e r ,  p r o d u c e s  a s a t u r a t e d  a c y l . S A C P  i n t e r m e d i a t e  , 
w h i c h  i s  r e c y c l e d  t o  a c c o m mo d a t e  t h e  i n t r o d u c t i o n  o f  
a f u r t h e r  Cg u n i t .  The c i r c u m f l u e n t  p r o c e s s  i s  t e r m i n a t e d  
when t h e  r e q u i r e d  l e n g t h  o f  f a t t y  a c i d  h a s  b e e n  g e n e r a t e d  
( Scheme 2 ) .
1 . 2 . 2  B i o s y n t h e s i s  o f  p h e n o l i c  p o l y k e t i d e s
In  marked c o n t r a s t  t o  f a t t y  a c i d s ,  a n a l o g o u s  
p ° i y - f t -  c a r b o n y l  m o i e t i e s  w h i c h  g i v e  r i s e  t o  p h e n o l i c  
s e c o n d a r y  m e t a b o l i t e s ,  u n d e r g o  l i t t l e  or  no r e d u c t i o n  
p r i o r  t o  t h e  c y c l i s a t i o n  e v e n t .  The r e s u l t a n t  p o l y k e t i d e  
t h i o e s t e r  i s  c o n s e q u e n t l y  a h i g h l y  r e a c t i v e  s p e c i e s .  
P r o t e c t i o n  o f  t h e  u n s t a b l e  i n t e r m e d i a t e  i s  p o s s i b l e  
t h r o u g h  h y d r o g e n  b o n d i n g  t o  t h e  s y n t h a s e  a c t i v e  s i t e ,  o r
p n
by c h e l a t i o n  o f  i t s  s e m i - e n o l a t e  w i t h  v i c i n a l  m e t a l  i o n s
W h i l s t  h e l d  i n  t h e  b i . a s y n t h e t i c  t e m p l a t e  ’ , s e l e c t i v  
m o d i f i c a t i o n  o f  t h e  p o l y k e t i d e  can  p r o c e e d  e . g .  a l k y l a t i o n  
or  s p e c i f i c  r e d u c t i o n .  At some s t a g e  f o l d i n g  o f  t h e  
c h a i n  l e a d s  t o  r e a c t i v e  c a r b o n y l  and m e t h y l e n e  c e n t r e s  
c omi ng  i n t o  j u x t a p o s i t i o n .  I n t r a m o l e c u l a r  c o n d e n s a t i o n s  
o f  an a l d o l  or  C l a i s e n - t y p e  can  now o c c u r  t o  y i e l d  a 
p h e n o l i c  p r o d u c t .
( i)  CH3 COSCoA + HSACP
(ii) CH3COSACP +  HSEcond
y C 0 2
('ii> CH2 +  HSACP
COSCoA
n n
CH3C— SEnz 
O'v) /V\2■CX- 9  COSACP
0  II
o
1 reduction
2 - h2o
(v) CH3COCH2COSACP 3 reduction
CH3COSACP +  Co ASH 
CH3COSEconcj +  ACPSH
^ c o 2
CH2 +  CoASH
COSACP
c h 3c o c h 2c o s a c p  + c o 2
+  HSEnz
“► c h 3c h 2c h 2c o s a c p
Scheme 2 B i o s y n t h e s i s  of  f a t t y  a c i d s
1 . 2 . 3  A l t e r n a t i v e  m e c h a n i s m s  f o r  c y c l i s a t i o n
An h y p o t h e t i c a l  t e t r a k e t i d e  can u n d e r g o  a 1 - 6
G l a i s e n  c o n d e n s a t i o n  t o  f orm p h l o r o a c e t o p h e n o n e  ( 6 ) .  An
a l d o l  c l o s u r e  ( 2 - 7 ) ,  r e s u l t s  i n  t h e  f o r m a t i o n  o f  o r s e l l i n i c
21a c i d  (^-) ,  c f  Scheme 3> p a t h  a . Thomas  h a s  p r o p o s e d
an a l t e r n a t i v e  c y c l i s a t i o n  m e c h a n i s m ,  i n v o l v i n g  e l e c t r o -
c y c l i c  r e a r r a n g e m e n t  o f  an enzyme s t a b i l i s e d  t e t r a - e n o l a t e ,
( S c h e m e  3» p a t h  b ) . An e x t e n s i o n  o f  t h i s  c o n c e p t  c o u l d
a l s o  a c c o u n t  f o r  t h e  g e n e r a t i o n  o f  t h e  c a r b o c y c l i c
21f u n g a l  p h e n a l e n o n e s  ( Sc h e me  U)
The mode o f  c y c l i s a t i o n  o f  any p o l y - f l -  e n o l a t e
w o u l d  b e  d e p e n d e n t  on t h e  r e l a t i v e  s e q u e n c e  o f  c i s  and
t r a n s  d o u b l e  b o n d s ,  w h o s e  f o r m a t i o n  w o u l d  d e p e n d  on t h e
s t e r e o s p e c i f i c i t y  o f  t h i o e s t e r  e l i m i n a t i o n  f ro m t h e
21e x t e n d i n g  c h a i n  ( Sc h e me  5)
1 . 3  Use  o f  i s o t o p e s  i n  s t u d i e s  o f  p o l y k e t i d e  b i o s y n t h e s i s
2/j,
A p p l i c a t i o n s  o f  C p r i m a r y  p r e c u r s o r s  i n  p o l y k e t i d e
7 - 1 0  22b i o s y n t i h e s i s  h a s  b e e n  r e v i e w e d  e x t e n s i v e l y  * and
w i l l  n o t  b e  d i s c u s s e d  h e r e  i n  d e t a i l .  Such i n v e s t i g a t i o n s
h a v e  p r o v i d e d  v a l u a b l e  i n f o r m a t i o n ,  h o w e v e r ,  l o c a t i o n  o f
l a b e l l e d  n u c l e i  i n  a m e t a b o l i t e  r e q u i r e d  e x t e n s i v e
d e g r a d a t i o n .  I n n o v a t i o n s  i n  t h e  f i e l d  o f  n u c l e a r
23m a g n e t i c  r e s o n a n c e  , h a v e  made t h e  d e g r a d a t i v e  r o u t e  
a l l  b u t  r e d u n d a n t ( g i v e n  e f f i c i e n t  i n c o r p o r a t i o n )
131 . 3 * 1  D e v e l o p m e n t  o f  C n u c l e a r  m a g n e t i c  r e s o n a n c e  
13The J C i s o t o p e  h a s  n u c l e a r  s p i n  ( l = | - ) ,  a c c o r d i n g l y  
i t  i s  a m e n a b l e  t o  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y  
( nmr) .
.OHHO.
^ 0 ^  SCcA
enolisation
OH
(6 )
P h l o r o a c e t  o p h e n o n e
Scheme 3 F o r m a t i o n  o f  o r s e l l i n i c  a c i d  ( 4 ) , by a l t e r n a t i v e  
m e c h a n i s m s  o f  c y c l i s a t i o n
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Scheme 4 E l e c t r o c y c l i c  r e a r r a n g e m e n t  o f  a l i n e a r  p o l y k e t i d e  
f o r m i n g  a f u n g a l  p h e n a l e n o n e
O.
e t o
' ■ I f / — /
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Scheme 5 S t e r e o s p e c i f i c i t y  o f  t h i o e s t e r  e l i m i n a t i o n
In  t h e  e a r l y  s t a g e s  o f  i t s  a p p l i c a t i o n  i n  c h e m i s t r y ,  l ow
13n a t u r a l  a b u n d a n c e  o f  J 0 ( 1 , 1%) p r o v e d  d i s a d v a n t a g e o u s  i n  
i t s  d e t e c t i o n .  Ho w e v e r ,  t h e  d e v e l o p m e n t  o f  F o u r i e r  t r a n s f o r m  
and t h e  u s e  o f  h i g h  c o n c e n t r a t i o n s  o f  s a m p l e ,  h e l p e d  t o  
o v e r c o m e  t h e  i n i t i a l  l i m i t a t i o n s  o f  t h e  t e c h n i q u e .
13 C C h e m i c a l  s h i f t s  c o v e r  a w i d e r  r a n g e  ( c a  200ppm)
t h a n  t h o s e  o b s e r v e d  f o r  t h e  p r o t o n  ( c a  15 p p m ) , g i v i n g
r i s e  p e r  s e , t o  s p e c t r a  i n  w h i c h  e a c h  c a r b o n  h a s  a d i s c r e t e
r e s o n a n c e .  I n  a d d i t i o n ,  c h e m i c a l  s h i f t s  o f  f u n c t i o n a l
2 <
g r o u p s  f a l l  i n t o  w e l l  d e f i n e d  a r e a s  ( T a b l e  1 . 3 )  •
S u b s t i t u e n t  e f f e c t s  a r e  g e n e r a l l y  a d d i t i v e ,  w i t h  r u l e s  f o r
26p r e d i c t i n g  c h e m i c a l  s h i f t s  i n  h y d r o c a r b o n s  , and b e r r z e n o i d  
23a r o m a t i c s  a v a i l a b l e .
The r e s o n a n c e s  f o r  c a r b o n  n u c l e i  w i t h  a s s o c i a t e d
p r o t o n s  a p p e a r  a s  m u l t i p l e t  s i g n a l s :  CH, d o u b l e t ;  CH^,
t r i p l e t ;  CH^, q u a r t e t .  S i g n a l  m u l t i p l i c i t y  can be  r e d u c e d
by b r o a d  band  d e c o u p l i n g ,  r e s u l t i n g  i n  a l o s s  o f  t h e
13 1r e s o n a n c e s  due  t o  - C- H s p i n - s p i n  c o u p l i n g .  A c o n s i d e r a b l y
s i m p l i f i e d  s p e c t r u m  o f  ' s i n g l e t s '  may t h u s  be  o b t a i n e d ,
13e a c h  c o r r e s p o n d i n g  t o  a n u c l e u s  w i t h i n  t h e  s t u d y
c o m p ou n d .
131 . 3 * 2  A p p l i c a t i o n s  o f  ^C nmr t o  p o l y k e t i d e  b i o s y n t h e s i s
lAj,
U n l i k e  C p r e c u r s o r s ,  e f f i c i e n c y  o f  i n c o r p o r a t i o n ,
and h e n c e  d i l u t i o n  i s  i m p o r t a n t  i n  a s s e s s i n g  t h e  f e a s i b i l i t y  
13o f  a p o t e n t i a l  C nmr s t u d y .  P r e l i m i n a r y  l o w  l e v e l  f e e d i n g  
s t u d i e s  w i t h  a c a n d i d a t e  p r e c u r s o r  ( " ^ c )  a r e  n o r m a l l y  
c a r r i e d  o u t  t o  d i s c e r n  t h e s e  p a r a m e t e r s .
13E n r i c h e d  J 0 p r e c u r s o r s  ( c a  90%)  g i v e  r i s e  t o  l a b e l l e d
1 3TABLE 1 . 3  C h e m i c a l  s h i f t s  o f  common C f u n c t i o n a l
g r o u p s  (ppm from TMS) ^
A l k a n e s :
Cy c l o p r o p a n e s  0 - 8
C y c l o a l k a n e s  5 - 2 5
R- CH0 5 - 2 5
R-CH2 -R 2 2 - 4 5
r 2 ch- r 3 0 - 5 8
R^-C-R 2 8 - 5 0
E t h e r s
CH^-0 4 5 - 6 0
r c h 2 - o 4 2 - 7 0
r 2 - c h - o  6 5 - 7 7
R ^ - C - 0  7 0 - 8 3
U n s a t u r a t e d  c ompounds  
A r o m a t i c s  1 1 0 - 1 3 3
A l k e n e s  1 0 0 - 1 4 3
A l k y n e s  7 5 - 9 5
H a l o g e n s
CH^X
rch2 x
r 2 chx
R^CX
5 - 2 5
5 - 3 8
30- 62
3 5 - 7 5
C a r b o n y l  c a r b o n s
R-C0-0R
R-C00H
RCHO
R-CO-R
1 6 0 - 1 7 7
1 6 2 - 1 7 7
185-205
1 9 0 -2 2 0
Amin e s
ch3 n
r - ch2 - n
r 2 - ch- n
R^-C-N
1 0 - 4 5
4 5 - 5 5
5 0 - 7 0
6 0 - 7 5
H e t e r o a t o m s
r c h2 - s
r c h 2 - p
Ar-P  
Ar-N 
At -  0 
R-CN
2 2 - 4 2
1 0 -2 5
1 2 0 -1 3 0
1 3 0 -1 3 8
1 3 0 -1 5 0
1 1 8 - 1 2 3
m e t a b o l i t e s  i n  w h i c h  c e r t a i n  r e s o n a n c e s  show an i n c r e a s e d  
i n t e n s i t y  o v e r  t h o s e  o b s e r v e d  i n  t h e  n a t u r a l  a b u n d a n c e  
nmr s p e c t r u m .
13P r i o r  t o  d i r e c t  m e a s u r e m e n t ,  t h e  p o s i t i o n s  o f
n u c l e i  w e r e  d e t e r m i n e d  f ro m nmr a n a l y s i s .  S p i n - s p i n  
1 3  1c o u p l i n g  ( C“ H ) , r e s u l t e d  i n  s a t e l l i t e  b a n d s  on e i t h e r
13s i d e  o f  t h e  mai n  p r o t o n  r e s o n a n c e .  E n r i c h e d  C n u c l e i  
i n c r e a s e d  t h e  i n t e n s i t y  o f  t h e  s a t e l l i t e  i n t e n s i t y ,  p r o v i d i n g  
a l i m i t e d  p r o b e  f o r  b i o s y n t h e t i c  i n v e s t i g a t i o n s .  T a r g e t
c ompounds  f o r  t h e  ' p r o t o n - s a t e l l i t e  m e t h o d '  w e r e  g r i s e o f u l v i n
27  2 8 'e x  P .  p a t u l u m  , f u s a r i c  a c i d  e x  F u s a r i u m  o x y s p o r u m
29and m o l l i s i n  e x  M o l l i s i a  c a e s i a  . The me t ho d  had i t s
30i n h e r e n t  l i m i t a t i o n s  and was  s u p e r c e d e d  by c o n t i n u o u s  wave
24and p u l s e d  F o u r i e r  t r a n s f o r m  , f o r  d i r e c t  o b s e r v a t i o n  o f  
13t h e  n u c l e u s .
13E n r i c h e d  a d j a c e n t  n u c l e i  show s p i n - s p i n  c o u p l i n g
13  13( C- C ) , m a n i f e s t e d  a s  ' d o u b l e t s '  b i s e c t e d  by t h e  n a t u r a l
13a b u n d a n c e  s i g n a l ,  i n  t h e  p r o t o n  n o i s e  d e c o u p l e d  C nmr
s p e c t r u m .  T h i s  phe nome non  i s  g e n e r a l l y  a s s o c i a t e d  w i t h
i n c o r p o r a t i o n  o f  d o u b l y  l a b e l l e d  p r e c u r s o r s ,  a s  i n t a c t
b i o g e n e t i c  u n i t s .  M e t a b o l i t e s  d e r i v e d  f r o m s i n g l y  l a b e l l e d  
13
C p r e c u r s o r s  can  show c o u p l i n g ,  wh e r e  r e a r r a n g e m e n t  o f  a
13p o l y k e t i d e  i n t e r m e d i a t e  l e a d s  t o  c o n t i g u o u s  C e n r i c h e d  
l o c i 0( c f  compound ( 7 ) ,  Scheme 6 ) .
"I O
[ 2 -  ^ C ] a c e t a t e - d e r i v e d  d i h y d r o l a c t u m i c i d i n  ( 7 ) »  ex
S t r e p t o m y c e s  r e t i c u i , showed a c o u p l i n g  b e t w e e n  c a r b o n s
4 a  and 5* A p a r t i c u l a r  f o l d i n g  and u l t i m a t e  c y c l i s a t i o n
31o f  a p e n t a k e t i d e  c o u l d  a c c o u n t  f o r  t h e s e  o b s e r v a t i o n s  , 
( Sc h e me  6 ) .  Such a c o u p l i n g  w o u l d  mo s t  e c o n o m i c a l l y
Scheme 6 B i o s y n t h e s i s  o f  d i h y d r o l a c t u m i c i d i n  ( 7 )
o  o
epoxidation
OH
OH
OH
HO- NHNH
NH ( 7 )
e x ^ - ^ c j a c e t a t e  )
r e s u l t  f rom n u c l e o p h i l i c  a t t a c k  by t h e  p o t e n t i a l  a n i o n  a t  
C - ^a ,  a t  t h e  C - 5  e p o x y  c e n t r e ,  a s  shown i n  Scheme 6 .
1 3  131 . 3 * 3  R e l a t i v e  m e r i t s  o f  VC- C s p i n - s p i n  c o u p l i n g
13C o u p l i n g  a r i s i n g  f rom t h e  u s e  o f  d o u b l y  l a b e l l e d  C 
p r e c u r s o r s ,  p e r m i t s  t h e  d e d u c t i o n  o f  p o l y k e t i d e  f o l d i n g  
p a t t e r n s  ( a s s u m i n g  an h y p o t h e t i c a l  l i n e a r  i n t e r m e d i a t e ) ,  
r e a r r a n g e m e n t s ,  and g e n e r a l l y  d i s t i n g u i s h e s  b i o g e n e t i c  
a l t e r n a t i v e s .
One o f  t h e  f i r s t  e x a m p l e s  o f  i t s  u s e ,  was  a s t u d y  o f
32t h e  b i o s y n t h e s i s  o f  m o l l i s i n  ( 8 ) ,  e x  M. c a e s i a  . A l t e r n a t i v e
r o u t e s ,  r e q u i r i n g  t h e  p a r t i c i p a t i o n  o f  two  s e p a r a t e
p o l y k e t i d e  c h a i n s  ( S c h e me  7 , p a t h s  a and b ) ,  had b e e n
p o s t u l a t e d .  C o u p l i n g  c o n s t a n t  d a t a  i n d i c a t e d  n e i t h e r
13p o s s i b l e ,  b u t  t h a t [ 1 , 2 -  C g J a c e t a t e - d e r i v e d  m o l l i s i n  was
f o r m e d  c o n s i s t e n t  w i t h  p a t h  c ( Sc h e me  7 ) .  H o w e v e r ,  l a c k
o f  c o u p l i n g  a t  C - l  and C - l l  d i d  n o t  p r e c l u d e  t h e  b i o s y n t h e s i s
o f  ( 8 )  f rom a s i n g l e  p o l y k e t i d e  c h a i n  u n d e r g o i n g  c i s s i o n
3 3a f t e r  c h l o r i n a t i o n  ( Scheme  ? ,  p a t h  d)  .
14F o l l o w i n g  f e e d i n g  s t u d i e s  w i t h  [1-  C j a c e t a t e  and
14[ 2 -  C ] m a l o n a t e  i n t o  c i t r o m y c e t i n , ex  P.  f r e q u e n t a n s , a
34two c h a i n  d e r i v a t i o n  f o r  t h i s  p o l y k e t i d e  was  c o n f i r m e d  .
t h r o u g h  t h e  d e t e c t i o n  o f  t wo  a c e t a t e  s t a r t e r  u n i t s  ( C - l ,  and
13C - 1 4 ) .  I n c o r p o r a t i o n  o f  [ 1 , 2 -  ^ C g l a c e t a t e  i n t o  c i t r o m y c e t i n  
( 9 ) » h o w e v e r ,  d i d  n o t  d i s t i n g u i s h  b e t w e e n  t h e  t wo  p o s s i b l e
3 5a l t e r n a t i v e s  f o r  i t s  f o r m a t i o n  ( Sc h e me  8 ,  p a t h s  a and b )  .
In  t h e  b i o s y n t h e s i s  o f  b i k a v e r i n  ( 1 0 )  ex  F.  o x y s p o r u m ,
13[ 1 , 2 -  Cg j a c e t a t e  i n c o r p o r a t i o n  c o n f i r m e d  t h e  a s s i g n m e n t s  o f  
e a c h  c a r b o n .  The d a t a  o b t a i n e d  was  i n i t i a l l y  d i f f i c u l t  
t o  i n t e r p r e t  b e c a u s e  o f  a p o o r  s i g n a l  t o  n o i s e  r a t i o .  S i m i l a r
p a t h  b
CHCI
p a t h  c
o o o o
Scheme 7 B i o s y n t h e s i s  o f  m o l l i s i n
Scheme 8 B i o s y n t h e s i s  o f  c i t r o m y c e t i n
HO
OH
p a t h  a
HO.
HO‘
14 CO oH
1 Me
p a t h  b
HO
V
OH
O
m a g n i t u d e s  o f  c o u p l i n g  c o n s t a n t s  f u r t h e r  c o m p l i c a t e d  s p e c t r a l  
i n t e r p r e t a t i o n .  H o m o n u c l e a r  d e c o u p l i n g  ( h d c )  e x p e r i m e n t s  
w e r e  t h e n  p e r f o r m e d  and r e s o l v e d  t h e  a m b i g u i t i e s  . The  
d a t a  i n d i c a t e d  t h e  f o r m a t i o n  o f  ( 1 0 )  was c o n s i s t e n t  w i t h  
p a t h  a Scheme 9*
The  t e c h n i q u e  o f  hdc  i n v o l v e s  i r r a d i a t i n g  a t  a
s e l e c t e d  c a r b o n  f r e q u e n c y ,  r e s u l t i n g  i n  a c o l l a p s e  o f  t h e
s a t e l l i t e  s i g n a l s ,  d ue  t o  s p i n - s p i n  c o u p l i n g ,  on an 
13a d j a c e n t  n u c l e u s  t o  w h i c h  i t  i s  c o u p l e d .  S e q u e n t i a l
h dc  can  t h u s  b e  u s e d  t o  c o n f i r m  b o t h  t h e  a s s i g n m e n t  o f  
i n d i v i d u a l  c a r b o n s  and t h e  d i r e c t i o n  o f  f o l d i n g  o f  a 
p o s t u l a t e d  p o l y k e t i d e  i n t e r m e d i a t e .
13 C- l a b e l l i n g  s t u d i e s  h a v e  c o n f i r m e d  t h e  p o l y k e t i d e
3 7o r i g i n s  o f  i s l a n d i c i n  ( l l ) , e x  P .  i s l a n d i c u m  ( S c h e m e  1 0 )  J ,
3 7d a u n o m y c i n o n e  ( 1 2 ) ,  ex  S .  p e u c e t i u s  ( Scheme  1 1 )  , and
a k l a v i n o n e  ( 1 3 ) »  ex  S* g a l i l e u s  ^ . A p r o p i o n a t e  p r i m e r  
u n i t  i s  i n d i c a t e d  i n  t h e  f o r m a t i o n  o f  ( 1 2 )  and ( 1 3 ) •
The a n t i f u n g a l  a n t i b i o t i c  g r i s e o f u l v i n  ( l ^ ) ,  h a s
13b e e n  s u b j e c t e d  t o  e x t e n s i v e  C i n v e s t i g a t i o n s .  I n i t i a l  
i n c o r p o r a t i o n s  o f  [ l , a c e t a t e  i n t o  ( 1 4 ) ,  p r o v e d  
d i f f i c u l t  t o  i n t e r p r e t  due  t o  l o w  o v e r a l l  e n r i c h m e n t  . l e v e l s .  
However  e x t e n s i v e  i n t e r - a c e t a t e  u n i t  c o u p l i n g  was  a p p a r e n t  
i n d i c a t i n g  r e l a t i v e l y  h i g h  i n c o r p o r a t i o n  o f  a c e t a t e  i n t o  
t h o s e  m o l e c u l e s  o f  ( 1 * 0  w h i c h  w e r e  l a b e l l e d .  ' T h i s  was  
c o n s i d e r e d  t o  b e  a r e s u l t  o f  swamping t h e  enzyme s y s t e m  
w i t h  d o u b l y  l a b e l l e d  a c e t a t e ,  s u p r e s s i n g  e n d o g e n o u s  a c e t y l  
CoA f o r m a t i o n  , and i n c r e a s i n g  t h e  p o s s i b i l i t y  o f  m u l t i p l e  
i n c o r p o r a t i o n  o f  [ l , 2 - ^ C 9] a c e t a t e  i n t o  t h e  same m o l e c u l e .
oo
p a t h  a
Me
OH
'OMeMeO
OH
p a t h  b
(10 )
B i k a v e r i n
Scheme 9 B i o s y n t h e s i s  o f  b i k a v e r i n
OM e
A k l a v i n o n e
OROHOH
(13)
r V Y Yo o oYvVy
o
o O O o Q
(11)
Scheme 10 B i o s y n t h e s i s  o f  i s l a n d i c i n
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4 0L a t e r  f e e d i n g  s t u d i e s  , d i d  n o t  e n c o u n t e r  t h e s e
13p r o b l e m s ,  b u t  ' s c r a m b l i n g '  o f  C i n  r i n g  A was  a p p a r e n t ,  
and was  i n t e r p r e t e d  a s  f r e e  r o t a t i o n  o f  a s y m m e t r i c a l  
b e n z o p h e n o n e  i n t e r m e d i a t e  ( 1 5 ) »  Scheme 1 2 .
131 . 3 * ^  C S t u d i e s  o f  m a c r o c y c l i c  p o l y k e t i d e  f o r m a t i o n
13Omura e t  a l  h a v e  made e x t e n s i v e  u s e  o f  -'C p r e c u r s o r s
i n  s t u d y i n g  t h e  f o r m a t i o n  o f  m a c r o l i d e  a n t i b i o t i c s .  The
a g l y c o n e s  o f  t h e s e  compounds  a r e  o f  m i x e d  p r e c u r s o r
o r i g i n .  L e u c o m y c i n  ( 1 6 ) ,  ex  S« k i t a o e n s i s ^ , w a s  shown
t o  b e  d e r i v e d  f rom f i v e  a c e t a t e  u n i t s ,  one  p r o p i o n a t e
and one  b u t y r a t e  u n i t .  I n t e r e s t i n g l y ,  C-*3 C-4 o f  ( 1 6 )
w e r e  n e i t h e r  a c e t a t e  n o r  p r o p i o n a t e  i n  o r i g i n , ,  F u r t h e r
13f e e d i n g  s t u d i e s  w i t h  ^ G - g l y c i n e ,  m a l o n a t e ,  s u c c i n a t e  
and o x a l a t e ,  h a v e  f a i l e d  t o  r e s o l v e  t h e  e n i g m a  s u r r o u n d i n g
4 2
t h e  o r i g i n  o f  t h i s  u n i t
S.  f r a d i a e  e l a b o r a t e s  t y l o s i n  ( 1 7 ) ,  i n  w h i c h  t h e  
c o r r e s p o n d i n g  b i o g e n e t i c  u n i t ,  u n l a b e l l e d  i n  t h e  r e l a t e d  
( l 6 ) ,  was  shown t o  b e  p r o p i o n a t e - d e r i v e d  The
a g l y c o n e  o f  p i c r o m y c i n  ( 1 8 ) ,  ex S .  f l a v o c h r o m o g e n e s , h a s
b e e n  shown t o  d e r i v e  f ro m s i x  p r o p i o n a t e  and one  a c e t a t e
. .  k k  u n i t s  .
1 * 3 * 5  A p p l i c a t i o n s  o f  i s o t o p e  s h i f t  i n  b i o s y n t h e t i c  s t u d i e s  
2D i r e c t  H nmr i s  a c c o m p a n i e d  by i n h e r e n t  s i g n a l
b r o a d e n i n g ,  p r o v i d i n g  o n l y  q u a l i t a t i v e  i n f o r m a t i o n  . I n
13 2 kGt h e  v i c i n i t y  o f  C n u c l e i ,  H e x e r t s  an i s o t o p e  e f f e c t  ,
r e s u l t i n g  i n  a s h i f t  ( u p f i e l d )  i n  t h e  o b s e r v e d  r e s o n a n c e .
The m a g n i t u d e  o f  s u c h  s h i f t s  i s  d e p e n d e n t  on t h e  number
Scheme 12 B i o s y n t h e s i s  o f  g r i s e o f u l v i n ( 1 4 )
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L e u c o m y c i n  ( l 6 )  
T y l o s i n  ( 1 7 )
P i c r o m y c i n  ( 1 8 )
t h e  i n t e g r i t y  o f  C-H b o n d s  d u r i n g  p o l y k e t i d e  f o r m a t i o n ;  i t s
v a l u e  i n  t h e  d e t e c t i o n  o f  ' p r i m e r  u n i t s '  h a s  b e e n  p r o p o s e d  
47by S t a u n t o n
13I n  [ 2 -  C D ^ J a c e t a t e - d e r i v e d  t e r r e i n  ( 1 9 )  e x  A s p e r g i l l u s  
t e r r e n s , t h e  p r e s e n c e  o f  d e u t e r i u m  was  i n f e r r e d  by a l o w e r i n g  
i n  i n t e n s i t y  o f  t h e  r e s o n a n c e s  f o r  c a r b o n s  1 , 3 ,  a n d 8 
compared  t o  t h a t  o b s e r v e d  f o r  c a r b o n  3» a l s o  e n r i c h e d  f rom
■^C, b u t  c a r r y i n g  no ( S c h e m e  1 3 )  ^  • U p f i e l d  (c/0  s h i f t s
2 13 i n  t h e  H d e c o u p l e d  C nmr s p e c t r u m  w er e  c o n s i s t e n t  w i t h
2 2 13
a t  C - l ,  and a s i n g l e  H a t  C-3 and C - 8 .  O t he r  C
s i g n a l s  w e r e  i n t e r p r e t e d  i n  t h e  c o n t e x t  o f  d e u t e r i u m  e x c h a n g e .
F o r  q u a n t i t a t i v e  e s t i m a t i o n  o f  d e u t e r i u m  e n r i c h m e n t ,  t h e
t e c h n i q u e  s u f f e r e d  f rom a p o o r  s i g n a l j n o i s e  r a t i o  o f  t h e
s h i f t e d  r e s o n a n c e ,  due  t o  p o o r  r e l a x a t i o n  and l o s s  o f
n u c l e a r  O v e r h a u s e r  e f f e c t ,  a s  w e l l  a s  s i g n a l  m u l t i p l i c i t y  
13 2t h r o u g h  C— H s p i n - s p i n  c o u p l i n g .
13An e x t e n s i o n  o f  t h e  c o n c e p t  h a s  b e e n  t o  a r r a n g e  t h e  C
2
r e p o r t e r  n u c l e u s  f3 t o  t h e  H. A g a i n ,  u p f i e l d  s h i f t s  i n  t h e  
13 nmr s p e c t r u m  i n d i c a t e  t h e  p r e s e n c e  o f  d e u t e r i u m .  The  
l a b e l l i n g  p a t t e r n  f o r  6 - m e t h y l s a l i c y l i e  a c i d  d e r i v e d  f rom  
2 - G D ^ j a c e t a t e  was  c o n s i s t e n t  w i t h  ( 2 0 )  ^ .
18 0 a l s o  c o n f e r s  a s h i f t  on t h e  o b s e r v e d  r e s o n a n c e  o f
13
a G n u c l e u s  t o  w h i c h  i t  i s  a t t a c h e d .  V e d e r a s  r e p o r t e d  
t h e  f i r s t  u s e  o f  t h e  t e c h n i q u e  i n  a s t u d y  o f  a v e r u f i n  ( 2 1 )
49b i o s y n t h e s i s ,  ex  A. p a r a s i t i c u s  . A l l  t h e  o x y g e n
13 18s u b s t i t u e n t s  ( e x c e p t  a t  C - 1 0 )  d e r i v e d  f r om [ l -  C, 0 ] -
a c e t a t e  ( Sc h e me  1 4 ) .  The C-10 o xy g e n  was  l a b e l l e d  f o l l o w i n g
1 8 1 8i n c o r p o r a t i o n  o f [ O^J g a s .  The p r e s e n c e  o f  0 was
i n f e r r e d  by t h e  a p p e a r a n c e  o f  a d o u b l e t  i n  t h e  n a t u r a l
Scheme 13 B i o s y n t h e s i s  o f  t e r r e i n  ( 1 9 )  f  r  om [ 2 - "^CD^ ] a c e t  a t  e
CD.
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( 2 2 )  V i r i d i  c a t  umt o x i n  ( ^ 0  = * )
1 3a b u n d a n c e  C nmr s p e c t r u m ,  c o r r e s p o n d i n g  w i t h  c a r b o n  1 0 .
13 18The h i g h e r  f i e l d  s i g n a l  o f  t h e  p a i r  was due  t o  ^C- 0 .
R e c e n t l y ,  v i r i d i c a t u m t o x i n  ( 2 2 ) ,  ex P.  v i r i d i c a t u m  ,
50h a s  b e e n  i n v e s t i g a t e d  by t h i s  t e c h n i q u e  . The p o s s i b l e
18
s i g n i f i c a n c e  o f  a l a c k  o f  0 a t  c a r b o n  3 i s  d i s c u s s e d  i n  
c h a p t e r  f i v e  ( p l 4 4  ) .
13Thus  t h e  a p p l i c a t i o n  o f  C nmr t o  s t u d i e s  o f  t h e
b i o s y n t h e s i s  o f  p o l y k e t i d e  m e t a b o l i t e s  h a s  c o m p l e m e n t e d  
14e a r l i e r  C e x p e r i m e n t a t i o n ,  and h a s  o p e n e d  t h e  way f o r  
more d e t a i l e d  i n v e s t i g a t i o n s  t o  b e  c a r r i e d  o u t  a s  t h e  
t e c h n i q u e  a d v a n c e s ,  p a r t i c u l a r l y  i n  t h e  a r e a s  o f  p r o t o p l a s t  
and c e l l - f r e e  enzyme p r e p a r a t i o n s .
1 . 4  N o m e n c l a t u r e  o f  t h e  t e t r a c y c l i n e  a n t i b i o t i c s
A u r e o my c i n  was  t h e  f i r s t  member o f  t h e  s e r i e s  t o  b e
51r e p o r t e d  ( D u g g a r  1 9 4 8 )  . An a c t i n o m y c e t e , s u b s e q u e n t l y
named S t r e p t o m y c e s  a u r e o f a c i e n s  , e l a b o r a t e d  t h e  y e l l o w  
s u b s t a n c e  , w h i c h  was  f o u n d  t o  h a v e  a w i d e r  a n t i m i c r o b i a l  
s p e c t r u m  t h a n  any o t h e r  a g e n t  i n  c l i n i c a l  u s e  a t  t h a t  t i m e .
E n s u i n g  s o i l  s c r e e n i n g  p r o g r a mme s  l e d  t o  t h e  i s o l a t i o n
52
o f  S . r i m o s u s  , and t h e  d i s c o v e r y  o f  i t s  p r o d u c t ,  T e r r a m y c i n  
D e t a i l s  o f  i t s  c o m p l e t e  s t r u c t u r e  w e r e  r e p o r t e d  by 1 9 5 3  
( H o c h s t e i n  e t  a l  ) ^ .
T e t r a c y c l i n e  ( 2 3 )  s e r v e d  a s  t h e  p a r e n t  compound f o r  
n o m e n c l a t u r a l  p u r p o s e s ,  t h e  g e n e r i c  name d e r i v i n g  f ro m t h e  
t e t r a c e n e  n u c l e u s  a l l  members  o f  t h e  f a m i l y  p o s s e s s e d  • 
A c c o r d i n g l y ,  T e r r a m y c i n  b e c a m e  known a s  o x y t e t r a c y c l i n e  ( 2 4 ) ,  
and A ur e o my c i n  a s  c h l o r o t e t r a c y c l i n e  ( 2 5 ) •  O r i g i n a l l y
54
( 2 3 ) was  o b t a i n e d  by r e d u c t i v e  d e h a l o g e n a t i o n  o f  ( 2 5 ) 1
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b u t  was  s u b s e q u e n t l y  o b s e r v e d  a s  a c o - m e t a b o l i t e  i n  t h e
5 5f e r m e n t a t i v e  p r o d u c t i o n  o f  ( 2 4 )  and ( 2 5 )  . A t t e m p t s
t o  i m p r o v e  t h e  y i e l d s  o f  c h l o r o t e t r a c y c l i n e  by m u t a t i o n
l e d  t o  t h e  i s o l a t i o n  o f  7 - c h l o r o - 6 - d e m e t h y l t e t r a c y c l i n e  ( 2 6 ) ,
and 6 - d e m e t h y l t  e t r a c y  c l i n e  ( 2 ? )  In a d d i t i o n ,  2 - a c e t y l
a n a l o g u e s  ( 2 8 ) ,  ( 2 9 ) ,  ( 3 0 ) ,  o f  CTC, OTC, and TC , h a v e
57a l s o  b e e n  r e p o r t e d  , h o w e v e r  t h i s  s u b s t i t u e n t  was  f o u n d
58t o  m a r k e d l y  r e d u c e  t h e  p o t e n c y  o f  t h e  a n t i b i o t i c  .
A l t e r n a t i v e  c a n o n i c a l  s t r u c t u r e s  o f  ' t e t r a c y c l i n e s '  
can  b e  d ra w n ,  h o w e v e r  t h e  e n o l i s e d  f orm h a s  b e e n  u s e d  
e x t e n s i v e l y  i n  t h e  l i t e r a t u r e  ( F i g  1 . 2 ) .  The a b s o l u t e
c o n f i g u r a t i o n  d e p i c t e d  i s  b a s e d  on d a t a  o b t a i n e d  f r om
+ 5 9 , 6 0e x t e n s i v e  x - r a y  s t u d i e s
1 . 4 . 1  A p p l i c a t i o n s  o f  t e t r a c y c l i n e s
T e t r a c y c l i n e s  a r e  b r o a d  s p e c t r u m  a n t i b i o t i c s  
and h a v e  b e e n  u s e d  c l i n i c a l l y  i n  t h e  t r e a t m e n t  o f  a 
v a r i e t y  o f  m e d i c a l  and v e t e r i n a r y  c o n d i t i o n s  ( T a b l e  1 . 4 ) .  
Members o f  t h e  g r o u p  h a v e  a l s o  f o u n d  p r a c t i c a l  a p p l i c a t i o n s  
a s  a g e n t s  p r e v e n t i n g  c r o p  s p o i l a g e  d u r i n g  p e r i o d s  o f  
e x t e n d e d  s t o r a g e
A more s u b s t a n t i a l  u s e  o f  t e t r a c y c l i n e s  h a s  b e e n  a s
62 63a f e e d  s u p p l e m e n t  i n  a n i m a l  h u s b a n d r y  ' . Sub-
t h e r a p e u t i c  l e v e l s  o f  a n t i b i o t i c  h a v e  b e e n  shown t o  
r e s u l t  i n  d e m o n s t r a b l e  i n c r e a s e s  i n  w e i g h t  g a i n ,  r e l a t i v e  
t o  c o n t r o l  s t o c k .  The r a t i o n a l e  f o r  t h e s e  o b s e r v a t i o n s  was  
n o t  e n t i r e l y  c l e a r ,  and f e a r s  o f  human t o x i f i c a t i o n  f ro m  
r e s i d u a l  l e v e l s  o f  a n t i b i o t i c  i n  c o n s u m a b l e  m e a t ,  t o g e t h e r  
w i t h  t h e  p r o b a b i l i t y ' o f  c o n f e r r i n g  r e s i s t a n c e  t o  p o t e n t i a l
p a t h o g e n i c  o r g a n i s m s  , h a s  l e d  i n  t h e  main  t o  t h e  
d i s c o n t i n u i n g  o f  t h i s  p r a c t i c e  .
TABLE 1.4- C l i n i c a l  a p p l i c a t i o n s  o f  t e t r a c y c l i n e s
D i s e a s e V e c t o r Taxonomy
B r u c e l l o s i s B r u c e l l a  s p p Gram n e g a t i v e  b a c i l l u s
C h o l e r a V.  c h o l e r a e Gram n e g a t i v e  b a c i l l u s
Whooping cough B.  p e r t u s s i s Gram n e g a t i v e  b a c i l l u s
Gas  g a n g r e n e C. p e r f r i n g e n s Gram p o s i t i v e  b a c i l l u s
A n t h r a x B.  a n t h r a c i s Gram p o s i t i v e  b a c i l l u s
G o n o r r h o e a N. g o n o r r h o e a Gram n e g a t i v e  c o c c u s
S y p h i l i s T.  p a l l i d u m S p i r o c h a e t  e
1 . 4 . 2  Mechani sm o f  a c t i o n  and b a c t e r i a l  r e s i s t a n c e
T e t r a c y c l i n e s  a r e  b e l i e v e d  t o  b e  a c t i v e l y  t r a n s p o r t e d
i n t o  t h e  c e l l u l a r  m a t r i x  o f  s u s c e p t i b l e  b a c t e r i a ,  w h e r e
t h e y  e x e r t  a b a c t e r i o s t a t i c  e f f e c t  T h i s  i s  b r o u g h t
a b o u t  by a r e v e r s i b l e  b i n d i n g  o f  t h e  a n t i b i o t i c  t o  t h e
'A s i t e *  o f  t h e  3 0 s  r i b o s o m a l  s u b - u n i t .  H e r e  t h e
t r a n s l o c a t i o n  o f  a m i n o a c y l  t r a n s f e r  RNA i s  p r e v e n t e d  and
r e s u l t s  i n  a c e s s a t i o n  o f  p o l y p e p t i d e  b i o s y n t h e s i s .
R e s i s t a n t  o r g a n i s m s  h a v e  b e e n  shown n o t  t o  a c c u m u l a t e  t h e
a n t i b i o t i c s  i n t r a c e l l u l a r l y ; membrane c o m p o s i t i o n  was
66i m p l i c a t e d  i n  t h e s e  o b s e r v a t i o n s  . C e l l - f r e e  p r e p a r a t i o n s
o f  r i b o s o m e s  f r om s u c h  s t r a i n s  h a v e  b e e n  shown t o  b e
s u s c e p t i b l e  t o  t h e  a n t i b i o t i c s ,  t e n d i n g  t o  s u p p o r t  t h i s  
67v i e w
141 * 4 . 3  C I n v e s t i g a t i o n s  o f  t e t r a c y c l i n e  b i o s y n t h e s i s
R o b i n s o n  ( 1 9 5 5 ) ^  f i r s t  s p e c u l a t e d  t h e  p o l y a c e t a t e  
o r i g i n s  o f  t h e  t e t r a c y c l i n e  a n t i b i o t i c s  ( S c h e m e  1 5 ) .
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1^S u b s e q u e n t  C- l a b e l l i n g  s t u d i e s  h a v e  s u g g e s t e d  a
p r e d o m i n a n t l y  p o l y k e t i d e  d e r i v a t i o n  o f  t h e  t e t r a c e n e  
68 72n u c l e u s  , b u t  w i t h  some a m b i g u i t y  c o n c e r n i n g  t h e
b i o s y n t h e s i s  o f  r i n g  A and t h e  C-2 c a r b o x a m i d e  s u b s t i t u e n t  
(^chenie  1 6 ) .
r 1^ \D e g r a d a t i o n  o f  [ 2 -  C j a c e t a t e - d e r i v e d  o x y t e t r a c y c l i n q
( S n e l l  e t  a l  ^ ' ^ ) , w a s  c o n s i s t e n t  w i t h  r i n g s  B,  G and D
b e i n g  d e r i v e d  f ro m h e a d  t o  t a i l  c o n d e n s a t i o n  o f  a c e t a t e
u n i t s .  H o w ev er ,  r i n g  A showed  m a r k e d l y  l e s s  i n c o r p o r a t i o n
o f  t h e  p r e c u r s o r  t h a n  w o u l d  h a v e  b e e n  p r e d i c t e d  f r om t h e
a c e t a t e  h y p o t h e s i s .  I t  was s u g g e s t e d  t h a t  g l u t a m i c  a c i d
m i g h t  b e  t h e  s o u r c e  o f  a m o i e t y ,  u l t i m a t e l y  p r o v i d i n g
\D
r i n g  A and t h e  c a r b o x a m i d e  s u b s t i t u e n t .  F e e d i n g  s t u d i e s
. 14 1 71
w i t h  [ 2 -  C J g l u t a m a t e  , d i d  n o t  e n t i r e l y  r u l e  o u t  a
m e c h a n i s m i n v o l v i n g  t h e  ami no  a c i d  c o n d e n s i n g  w i t h  a
s u i t a b l y  f o l d e d  h e p t a k e t i d e  t o  g e n e r a t e  o x y t e t r a c y c l i n e , c f
Scheme 1 6 .
U l 4  i 70C J a c e t a t e - d e r i v e d  o x y t e t r a c y c l i n e  , i n d i c a t e d
a t o t a l  a c e t a t e  o r i g i n  o f  t h e  t e t r a c e n e  n u c l e u s  and a l s o
s u g g e s t e d  some i n c o r p o r a t i o n  o f  t h e  p r e c u r s o r  i n t o  t h e
c a r b o x a m i d e  g r o u p .  G a t e n b e c k  p r o p o s e d  t h a t  t h i s  was  a
a c c o u n t a b l e  f r o m  d e c a r b o x y l a t i o n  o f  a c e t a t e  and s u b s e q u e n t
1-4 14r e - m c o r p o r a t i o n  o f  C - B i c a r b o n a t e - d e r i v e d  a n t i b i o t
was c o n s i s t e n t  w i t h  9 0 % o f  t h e  r a d i o a c t i v i t y  l o c a t e d  i n
t h e  c a r b o x a m i d e  s u b s t i t u e n t .  T h i s  was  c o n c l u d e d  t o  b e
e i t h e r  a c o n s e q u e n c e  o f  c a r b o x y l a t i o n  o f  an a d v a n c e d
i n t e r m e d i a t e ,  or  v i a  t h e  i n v o l v e m e n t  o f  m a l o n a t e .  I n  a c c o r d
w i t h  t h e  r u l e s  o f  t h e  a c e t a t e  h y p o t h e s i s ,  G a t e n b e c k  p r o p o s e d
t h e  b i o s y n t h e s i s  p r o c e e d e d  v i a  t h e  c o n d e n s a t i o n  o f  e i g h t
70
m a l o n a t e  u n i t s  o n t o  a n o v e l  p r i m e r  u n i t ,  m a l o n a m y l  CoA
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The e x i s t e n c e  o f  2 - a c e t y l o g u e s  o f  t h e  mai n  t e t r a c y c l i n e s  ,
was  c o n s i d e r e d  t o  b e  a r e s u l t  o f  an a n a l o g o u s  s i t u a t i o n ,
b u t  u t i l i s i n g  a c e t o a c e t y l  CoA a s  a p r i m e r  u n i t .  The
p o s s i b l e  i n v o l v e m e n t  o f  m a l o n a m y l  CoA a s  a p r i m e r  u n i t  h a s
1A .
b e e n  t e s t e d  i n  f e e d i n g  s t u d i e s  w i t h  [ 1 , 3 -  C j m a l o n a m i c  a c i d .
I n c o r p o r a t i o n  o f  t h i s  c a n d i d a t e  p r e c u r s o r  was  n o t
s u c c e s s f u l  and i m p l i e d  a l a c k  o f  c e l l u l a r  p e n e t r a t i o n  or
73o f  an a p p r o p r i a t e  t h i o k i n a s e  enzyme
7 /4,
Hornemann ( 1 9 3 0 )  , s p e c u l a t e d  t h a t  a Cr,N m o i e t y ,  an
e a r l y  i n t e r m e d i a t e  o f  s h i k i m a t e  o r i g i n ,  m i g h t  p r o v i d e  a d i r e c t  
s o u r c e  o f  r i n g  A, t o  w h i c h  a s u i t a b l y  f o l d e d  p o l y k e t i d e  u n i t  
c o u l d  u n d e r g o  c o n d e n s a t i o n .  Ho we v e r ,  t h i s  p o t e n t i a l  b i o g e n e t i c  
r o u t e  r e m a i n s  u n t e s t e d  ( c f  Scheme 1 6 ) .
I ] M e t h i o n i n e  h a s  b e e n  shown t o  f u r b i s h  t h e  C-^
u n i t s  n e c e s s a r y  f o r  t h e  m e t h y l a t i o n  s t e p s  i n v o l v e d  a t
71 7 5c a r b o n  6 and t h e  n i t r o g e n  s u b s t i t u e n t  a t  c a r b o n  4 ’ .
The u n e q u i v o c a l  o r i g i n  o f  t h e  n i t r o g e n  a t o m s  i n  t h e s e
a n t i b i o t i c s  i s  n o t  e n t i r e l y  c l e a r ,  a l t h o u g h  ammonium i o n s
i n  a d e f i n e d  medium c o n t a i n i n g  g l y c e r o l  and s a l t s  h a v e
7 6b e e n  shown t o  b e  s u f f i c i e n t  . I n  t h e  b i o s y n t h e s i s  o f
c h l o r o t e t r a c y c l i n e ,  i n t r o d u c t i o n  o f  t h e  h a l o g e n  o c c u r s  a t
some a d v a n c e d  s t a g e .  I n o r g a n i c  s o u r c e s  o f  t h i s  a tom h a v e
77p r o v e d  s u f f i c i e n t
1 . 4 . ^  An i n t e g r a t e d  s ch e me  f o r  t e t r a c y c l i n e  b i o s y n t h e s i s
I n  s t u d i e s  w h i c h  w e r e  c o m p l e m e n t a r y  t o  t h e  p r e c e d i n g  
cC e x p e r i m e n t s ,  M Cormi ck  e t  a l  a p p l i e d  t h e  t e c h n i q u e  o f
c o - s y n t h e s i s  w i t h  g e n e t i c a l l y  o v e r l a p p i n g  m u t a n t s  o f
78S t r e p t o m y c e s  a u r e o f a c i e n s  . The m u t a n t s  o b t a i n e d  w e r e  
a u x o t r o p h i c  i n  s e c o n d a r y  m e t a b o l i t e  f o r m a t i o n ,  a c c u m u l a t i n g
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n u m e r o u s  p r o d u c t s  w h i c h  w e r e  i s o l a t e d  and c h e m i c a l l y  
c h a r a c t e r i s e d .  Some o f  t h e s e  m e t a b o l i t e s  c o u l d  u n d e r g o  
f u r t h e r  t r a n s f o r m a t i o n  i n  v i v o ,  w h i l s t  o t h e r s  w e r e  s h u n t  
p r o d u c t s  u n a c c e p t e d  by t h e  enzyme s y s t e m s  f o r  m o d i f i c a t i o n .  
C u m u l a t i v e  e v i d e n c e  f r om t h e s e  s o p h i s t i c a t e d  e x p e r i m e n t s
Q
a l l o w e d  M Cormiek  t o  p r o p o s e  an i n t e g r a t e d  s c h em e  f o r  
t e t r a c y c l i n e  b i o s y n t h e s i s ,  c o mme ns a l  w i t h  an h y p o t h e t i c a l  
enzyme b ound  p o l y k e t i d e  ( Sc h e me  1 7 ,  a b r i d g e d ) ^ .
6 - m e t h y l p r e t e t r a m i d e  ( 3 1 ) was p o s t u l a t e d  a s  t h e
f i r s t  i n t e r m e d i a t e  c a p a b l e  o f  i n d e p e n d e n t  e x i s t e n c e  f r om
79t h e  p r o p o s e d  m u l t i - e n z y m e  c o m p l e x  . I n t e r m e d i a t e s  p r o d u c e d
by m u t a n t s  b l o c k e d  e a r l i e r  t o  t h i s  p o i n t  w o u l d  b e  e i t h e r
d i s a s s e m b l e d ,  and t h e  r e s u l t a n t  a c e t a t e  d i r e c t e d  e l s e w h e r e ,
o r  t h e  m o i e t y  w o u l d  be  e j e c t e d  f ro m t h e  b i o s y n t h e t i c
t e m p l a t e  a s  a s h u n t  m e t a b o l i t e .  Such a compound was
8 0p r o t e t r o n e  ( 3 2 )  . When f e d  b a c k  t o  o r g a n i s m s  w i t h  a f u l l
g e n e  c o m p l e m e n t  i t  d i d  n o t  u n d e r g o  f u r t h e r  m o d i f i c a t i o n .
Ho we v e r ,  i n  v i t r o  ( 3 2 )  u n d e r w e n t  c y c l i s a t i o n  t o  f o r m  ( 3 3 ) »
8 0f o l l o w i n g  t r e a t m e n t  w i t h  s t r o n g  a c i d  .
816 - m e t h y l p r o t e t r o n e  ( 3*0 h a s  a l s o  b e e n  i s o l a t e d  . I t
t o o  was  i n c a p a b l e  o f  u n d e r g o i n g  b i o t r a n s f o r m a t i o n ,  b u t
i n f e r r e d  t h a t  C-6 m e t h y l a t i o n  o c c u r r e d  p r i o r  t o  t h e
c y c l i s a t i o n  s t e p s  l e a d i n g  t o  ( 3 l ) «  R i n g  c l o s u r e  o f  (.3*0 h a s
81b e e n  a c h i e v e d  i n  v i t r o  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  ( 3 5 )
S u b s e q u e n t l y  ( 3 3 )  and ( 3 5 )  h a v e  b e e n  i s o l a t e d  f ro m  m u t a n t s
8 2o f  S.  a u r e o f a c i e n s
Hi gh  y i e l d i n g  s t r a i n s  o f  S.  a u r e o f a c i e n s  h a v e  b e e n  
r e p o r t e d  t o  p r o d u c e  e k a t e t r o n e  (3&) c o n s i d e r e d  by t h e  
a u t h o r s  t o  b e  a r e s u l t  o f  e x c e s s i v e  p r e c u r s o r  a c t i v i t y  ^-0  
The p r o d u c t  a p p e a r s  t o  b e  r e l a t e d  t o  p r o t e t r o n e  ( 3 2 ) ,
■OH
NH
OH
P r o t e t r o n e
( 3 2 )
o
OH
NH
OH OH OH
Me OH (3 3 )
OH
6 - m e t h y l p r o t  e t r o n  e
NH
OH OH
(3 4 )
Me OH
OH
NH-
OH OHOH
( 3 5 )
OH
(36)
Ekat  e t r o n  e
NH'
8%
S.aureofaciens
(37) P r e t  e t r a m i d  e
75%
S.aureofaciens
(39) ^ - h y d  r o x y - 6 -me t h y 1 p r e t  e t r a m i  de
-DMCTC
CTC
u n d e r g o i n g  l a c t o n i s a t i o n  t o  g e n e r a t e  r i n g  A. T h i s  s t e p  
w o ul d  r e q u i r e  t h e  m e d i a t i o n  o f  one  o f  t h e  n i c o t i n a m i d e  
c o e n z y m e s  t o  p r o v i d e  t h e  h y d r i d e  i o n  n e c e s s a r y  t o  p r o m o t e  
t h e  d i s p l a c e m e n t  o f  an e l e c t r o n  f rom t h e  C - l  c a r b o n y l  
b o n d ,  t o  c l o s e  t h e  r i n g .  Such a s t e p  i s  i n c o n s i s t e n t  
w i t h  t h e  g e n e r a l  s c h e m e  o f  t e t r a c y c l i n e  b i o s y n t h e s i s  and  
i s  p r o b a b l y  a r e s u l t  o f  t h e  m u t a t i o n a l  e v e n t s  g i v i n g  r i s e  
t o  t h i s  p a r t i c u l a r  s t r a i n .
P r e t e t r a m i d e  i n v o l v e m e n t  i n  t e t r a c y c l i n e  b i o g e n e s i s
h a s  b e e n  b a s e d  l a r g e l y  on t h e  q u a n t i t a t i v e  c o n v e r s i o n s
o b t a i n e d  i n  f e e d i n g  e x p e r i m e n t s .  When s y n t h e t i c a l l y
p r o d u c e d  p r e t e t r a m i d e  ( 3 7 )  was  f e d  t o  S .  a u r e o f a c i e n s , an
8 % c o n v e r s i o n  t o  d e m e t h y l c h l o r o t e t r a c y c l i n e  ( 2 6 ) was
o b s e r v e d .  A c i d  c a t a l y s e d  d e h y d r a t i o n  o f  d e d i m e t h y l a m i n o -
1 2 a - d e o x y o x y t e t r a c y c l i n e  ( 3 8 ) ,  l e d  d i r e c t l y  t o  6 - m e t h y l -
p r e t e t r a m i d e  ( 3 1 )» f rom w h i c h  a 5® -75%  c o n v e r s i o n  t o
8^c h l o r o t e t r a c y c l i n e  was  o b t a i n e d  . I n  a d d i t i o n  a m u t a n t  
l a c k i n g  a c h l o r i n a t i n g  e n z y m e ,  c o n v e r t e d  ( 3 1 ) t o  t e t r a c y c l i n e  
i n  28^ y i e l d  ( S c h e me  1 8 ) .
The e n s u i n g  s t e p  f r om ( 3 1 )  was  p r o p o s e d  t o  b e  p a r a -  
h y d r o x y l a t i o n . S .  a u r e o f a c i e n s  V655 a c c u m u l a t e d  4 - h y d r o x y -  
6 - m e t h y l p r e t e t r a m i d e  ( 3 9 )  w h i c h  was  t r a n s f o r m e d  t o  c h l o r o
8 K
t e t r a c y c l i n e  ( 7 5 %)  • A compound o b v i o u s l y  r e l a t e d  t o  ( 3 9 )
i s  a u r e o v o c i d i n  ( ^ 0 ) ,  w h i c h  h a s  b e e n  d e t e r m i n e d  t o  b e  t h e
a g l y c o n e  o f  an a n t i b i o t i c a l l y  i n a c t i v e ,  g l y c o s i d e ,
86a u r e o v o c i n  . P r o d u c t i o n  o f  ( ^ 0 )  h a s  b e e n  m o n i t o r e d  i n  
w i l d  t y p e  S .  a u r e o f a c i e n s , a s  a c o - m e t a b o l i t e  o f  t h e  n o r m a l  
t e t r a c y c l i n e  p r o d u c t s .
I n  v i v o  p r e c u r s o r  a c t i v i t y  h a s  b e e n  d e m o n s t r a t e d  f o r
82^ - k e t o a n h y d r o t e t r a c y c l i n e  ( ^ 1 )  . The e x i s t e n c e  o f  c h l o r o -
CM
CM
Z h iiii i
imnO
t  *T~ )im
CO 
#  o
00 T
CM LL.
00
On 
nO 
^  ro
O “
CM
00
CM
00
:0
00
00
X*1”*
CM
t = 0ZliiHU'
im i i iO
Sc
he
m
e 
18 
T
ra
n
sf
or
m
at
io
n
 
of 
6
-m
et
h
y
lp
re
te
tr
a
m
id
e
OH Me
NH2
O OH OH O
(40) A u r e o v o c i d i n
R Me O
.OH
NH
OH
OH OH
R = H (41) 
R = Cl (42)
^ - k e t o a n h y d r o t e t r a c y  c l i n e s
NHMe
OH
NH
OH
OHOH
(43) 4 - a m i n o a n h y d r o t e t r a c y c l i n e
a n a l o g u e s  ( 4 2 ) ,  s u g g e s t e d  t h e  p o i n t  a t  w h i c h  c h l o r i n a t i o n
8 2o f  t h e  t e t r a c e n e  n u c l e u s  o c c u r r e d  . S y n t h e t i c a l l y
O  ry
p r o d u c e d  ( 4 l )  and ( 4 2 )  , h a v e  u n d e r g o n e  s u c c e s s f u l
88b i o c o n v e r s i o n  , b u t  an i n h e r e n t  i n s t a b i l i t y  i n  t h e s e  
compounds  h a s  made s u c h  e x p e r i m e n t s  d i f f i c u l t  t o  p e r f o r m .
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  h y d r o x y l a t i o n  a t  C - 12 a  
o c c u r r e d  a t  t h i s  s t a g e  i n  t h e  b i o s y n t h e s i s .
89A d d i t i o n  o f  e t h i o n i n e  a t  a s u i t a b l e  p o i n t  i n  t h e
f e r m e n t a t i o n  a n t a g o n i s e d  m e t h i o n i n e  u t i l i s a t i o n ,  r e s u l t i n g
i n  t h e  a c c u m u l a t i o n  o f  4 - a m i n o a n h y d r o t e t r a c y c l i n e s  eg ( 4 3 ) •
T h e s e  c ompounds  w e r e  c o n s i d e r e d  t o  b e  r e d u c t i v e  t r a n s a m i n a t i o n
p r o d u c t s  o f  ( 4 1 ) .  C o n v e r s i o n  t o  t e t r a c y c l i n e  and
o x y t e t r a c y c l i n e  was  p o s s i b l e  b u t  n o t  t o  c h l o r o t e t r a c y c l i n e
89c o n f i r m i n g  t h e  r e l a t i v e  t i m i n g  o f  h a l o g e n a t i o n
I n  c e l l - f r e e  p r e p a r a t i o n s ,  N - m e t h y l a t i o n  was  shown t o
89 90p r o c e e d  s t e p w i s e  , g e n e r a t i n g  a n h y d r o t e t r a c y c l i n e  ( 4 4 )
Of t h e  r e m a i n i n g  s t e p s ,  C-6 h y d r o x y l a t i o n  l e d  t o  d e h y d r o -
91t e t r a c y c l i n e  ( 4 5 )  • A c h l o r o - a n a l o g u e  ( 4 6 )  h a s  b e e n
92i s o l a t e d  , b u t  t h e  e x i s t e n c e  o f  a 5 - b y d r o x y  a n a l o g u e  
r e m a i n s  u n p r o v e n .  A n h y d r o - o x y t e t r a c y c l i n e  ( 4 7 )  h a s  b e e n  
o b s e r v e d  i n  m u t a n t s  o f  S .  a u r e o f a c i e n s  i n  t h e  p r e s e n c e
ry  O
o f  a c h l o r i n a t i o n  i n h i b i t o r  , i m p l y i n g  t h e  s t a g e  a t
w h i c h  5 " h y d r o x y l a t i o n  m i g h t  o c c u r .  However  c e l l - f r e e  and
w a s h e d  c e l l  p r e p a r a t i o n s  o f  S» a u r e o f a c i e n s  h a v e  b e e n
r e p o r t e d  t o  h y d r o x y l a t e  ( 4 6 )  a t  c a r b o n  5» i n  t h e  p r e s e n c e
88  9 3o f  NADPH and m o l e c u l a r  o x y g e n  .
R e d u c t i o n  a t  C - 5 a , l l a  g e n e r a t e d  b i o s y n t h e t i c a l l y
94c o m p l e t e  t e t r a c y c l i n e s  . A c c u m u l a t i o n  o f  d e h y d r o -  
c h l o r o t e t r a c y c l i n e  ( 4 6 ) ,  was  t h o u g h t  t o  be  a c o n s e q u e n c e  
o f  t h e  l a c k  o f  an a p p r o p r i a t e  r e d u c t a s e  o r  o f  i t s  c o e n z y m e
Me NMe
OH
NH
OH
OH
R -  H (44) A . , . ,Anhydr ot  e t r a c y  c l  m e  s
R = OH (47)
R Me OH
4 NMe,
R = H (45)
R -  Cl (46)
D e h y d r o t e t r a c y c l i n e s
c h ^c h o h )3 c h 2o h
N ^  - o
(48)
G o - s y n t h e t i  c f a c t o r  1
9 5r e f e r r e d  t o  a s  c o - s y n t h e t i c  f a c t o r  1 . T h i s  compound ( 4 8 )
ch a s  r e c e n t l y  b e e n  i s o l a t e d  and c h a r a c t e r i s e d  by M Cormick
1 . 4 . 5  T o t a l  s y n t h e s i s  o f  o x y t e t r a c y c l i n e
The M u x f e l d t  t o t a l  s y n t h e s i s  o f  o x y t e t r a c y c l i n e
( Sc h e m e  1 9 )  s u c c e s s f u l l y  o v e r c a m e  t h e  o b s t a c l e s  p r e s e n t e d
by s i x  c o n t i g u o u s  a s s y m e t r i c  c e n t r e s ,  i n  a s e r i e s  o f  n o v e l
9 7 - 9 9r e a c t i o n s  and i n  t h e  u s e  o f  s e l e c t e d  p r o t e c t i n g  g r o u p s  .
D i e l s - A l d e r  r e a c t i o n  o f  a c e t y l j u g l o n e , c o r r e s p o n d i n g  t o  
r i n g s  G and D, w i t h  1 - a c e t o x y b u t a d i e n e  y i e l d e  t h e  d i e n e  
a d d u c t  ( 4 8 )  . G r i g n a r d  r e a c t i o n  s t e r e o s p e c i f i c a l l y  i n t r o d u c e d  
t h e  m e t h y l  g r o u p ,  w i t h  t h e  r e s u l t a n t  p e r i - 1 , 3 - d i o l  s y s t e m  
p r o t e c t e d  a s  an a c e t o n i d e  ( 4 9 ) .
A c e t y l a t i o n  and h y d r o x y l a t i o n  o f  t h e  d o u b l e  bond w i t h  
OsO^, c a t a l y s e d  by K ClO^,  g e n e r a t e d  a g l y c o l ,  w h i c h  
f o l l o w i n g  p e r i o d a t e  o x i d a t i o n  l e d  t o  t h e  d i a l d e h y d e  ( 5 0 )*  
T r e a t m e n t  w i t h  t e t r a e t h y l a m m o n i u m  a c e t a t e  r e s u l t e d  i n  s e l f  
c o n d e n s a t i o n .  O z o n o l y s i s  and b i c a r b o n a t e  t r e a t m e n t  f o r m e d  
d i a s t e r e o i s o m e r i c  a l d e h y d e s  ( 5 l ) .  P i p e r i d i n e  and a c i d  
p r o d u c e d  t h e  i d e n t i c a l  e n a m i n e  f r om e a c h  i s o m e r  ( 5 2 ) and  
c o n c u r r e n t l y  h y d r o l y s e d  t h e  a c e t y l  e s t e r .  R e a c t i o n  o f  t h e  
p h e n o l a t e  w i t h  c h l o r o m e t h y l m e t h y l  e t h e r ,  f o l l o w e d  by  
s e l e c t i v e  h y d r o l y s i s  on d e a c t i v a t e d  s i l i c a  g e l ,  l e d  t o  t h e  
key  i n t e r m e d i a t e  ( 5 3 ) •
T r e a t m e n t  o f  ( 5 3 )  w i t h  a t h i a z o l o n e  i n  t h e  p r e s e n c e  
o f  l e a d  a c e t a t e  g a v e  r i s e  t o  t h i a z o l i d o n e  ( 5 4 )  . C o n d e n s a t i o n  
w i t h  m e t h y 1 - 3 - g l u t a r a m a t e  ( 5 5 ) »  i n  a m i x t u r e  o f  t -BuOK and 
BuLi  s i m u l t a n e o u s l y  c l o s e d  r i n g s  A and B.  A c e t i c  a c i d  f r e e d  
t h e  C-10 p h e n o l i c  h y d r o x y l ;  t h e  C-12 a l p h a  h y d r o x y l  was  
i n t r o d u c e d  by o x y g e n  i n  b a s i c  s o l u t i o n .  M e t h a n o l i c  HCl
+  ZIIIIII
r e m o v e d  t h e  a c e t o n i d e  p r i o r  t o  S - m e t h y l a t i o n  w i t h  m e t h y l  
i o d i d e ,  g e n e r a t i n g  ( 5 6 ) .  R e mova l  o f  t h e  b l o c k i n g  g r o u p  
w i t h  HGl g a v e  4 - d e d i m e t h y l o x y t e t r a c y c l i n e  ( 5 7 ) *  D i m e t h y l  
s u l p h a t e  and H u e n i g s  b a s e  f o r m e d  DL- o x y t e t r a c y c l i n e  ( 5 $ )  
p o s s e s s i n g  h a l f  t h e  b i o p o t e n c y  o f  . t h e  n a t u r a l l y  p r o d u c e d  
a n t i b i o t i c .
1 . 5  O b j e c t i v e  o f  t h e  c u r r e n t  s t u d y
The o b j e c t i v e  o f  t h e  r e s e a r c h  programme u n d e r t a k e n
was t o  i n v e s t i g a t e  t h e  b i o s y n t h e s i s  o f  o x y t e t r a c y c l i n e
i n i t i a l l y  t h r o u g h  t h e  a p p l i c a t i o n  o f  a u t o r a d i o g r a p h y  w i t h  
14p o t e n t i a l  G p r e c u r s o r s  o f  t h e  t e t r a c e n e  n u c l e u s .  C h a p t e r
t wo  d e s c r i b e s  t h e  f e r m e n t a t i o n  c h a r a c t e r i s t i c s  o f  v a r i o u s
t e t r a c y c l i n e  p r o d u c i n g  s t r e p t o m y c e t e s  grown i n  s u b m e r g e d
f e r m e n t a t i o n .  F o l l o w i n g  an i n v e s t i g a t i o n  i n t o  t h e  c o u r s e
o f  a n t i b i o t i c  p r o d u c t i o n , w a s h ed  m y c e l i u m  f ro m  d i f f e r e n t
t e t r a c y c l i n e  e l a b o r a t i n g  s t r e p t o m y c e t e s  was  i n c u b a t e d
14m  t h e  p r e s e n c e  o f  C p r e c u r s o r s ,  and t h e  m e t a b o l i s m  
s o l u t i o n s  i n v e s t i g a t e d  f o r  i n c o r p o r a t i o n  i n t o  t h e  r e s p e c t i v e  
a n t i b i o t i c  and i n t o  any m e t a b o l i t e s  common t o  e a c h  s t r a i n .
T h i s  t a x o n o m i c  a p p l i c a t i o n  o f  a u t o r a d i o g r a p h y  was  f u r t h e r  
e x p l o r e d  w i t h  n o n - t e t r a c y c l i n e  p r o d u c i n g  s t r e p t o m y c e t e s .
The r e s e a r c h  was  t h e n  d i v e r t e d  away f ro m t h e  o v e r a l l  
m e t a b o l i s m  o f  t e t r a c y c l i n e  p r o d u c e r s ,  and a s p e c i f i c  
s t u d y  was  u n d e r t a k e n  o f  t h e  f o r m a t i o n  o f  t h e  t e t r a c e n e  n u c l e u s  
and i t s  s u b s t i t u e n t s  t h r o u g h  t h e  a p p l i c a t i o n  o f  nmr
s p e c t r o s c o p y ,  and t h e  i n c o r p o r a t i o n  o f  s p e c i f i c  1 ^C 
e n r i c h e d  p r e c u r s o r s  i n t o  o x y t e t r a c y c l i n e . D a t a  f ro m t h e s e  
s t u d i e s  i s  p r e s e n t e d  i n  c h a p t e r  f i v e .  A b r i e f  i n t r o d u c t i o n  
t o  e a c h  c h a p t e r  o u t l i n e s  t h e  a i m s ,  and i s  f o l l o w e d  by a 
s h o r t  summary o f  t h e  s i g n i f i c a n t  f i n d i n g s .
CHAPTER TWO
FERMENTATION CHARACTERISTICS OF TETRACYCLINE 
PRODUCING STREPT OMY CETES
2 . 1  I n t r o d u c t i o n
The p r i m a r y  t e t r a c y c l i n e s ,  TC, OTC and CTC a r e  a l l
p r o d u c e d  c o m m e r c i a l l y  by s u bm e r g e d  f e r m e n t a t i o n  o f  v a r i o u s
51 52 55s t r e p t o m y c e t e s  . P r i o r  t o  a u t o r a d i o g r a p h i c
i n v e s t i g a t i o n s ,  s e l e c t e d  o r g a n i s m s  ( o b t a i n e d  f ro m P f i z e r  
C e n t r a l  R e s e a r c h  ) w e r e  grown up i n  s h a k e - f l a s k  f e r m e n t a t i o n s  
t o  a s s e s s  a n t i b i o t i c  f o r m a t i o n ,  and t o  d e v e l o p  s u i t a b l e  
s y s t e m s  f o r  t h e i r  d e t e c t i o n  and e s t i m a t i o n .
I t  was  e s s e n t i a l  t o  d e v e l o p  a s u i t a b l e  c h r o m a t o g r a p h y  
s y s t e m  f o r  t h e  s e p a r a t i o n  o f  b r o t h  m e t a b o l i t e s ,  w h i c h  
c o u l d  t h e n  b e  a p p l i e d  i n  a u t o r a d i o g r a p h i c  s t u d i e s .  The  
s u b s e q u e n t  s e c t i o n s  o f  t h i s  c h a p t e r  d e s c r i b e  c e r t a i n  
f e r m e n t a t i o n  c h a r a c t e r i s t i c s  o f  t h e  t e s t  o r g a n i s m s  and  
t h e  p r o d u c t s  i d e n t i f i e d .  R e l e v a n t  d e t a i l s  o f  g r o w t h  and  
f e r m e n t a t i o n  c o n d i t i o n s  a r e  g i v e n  i n  t h e  e x p e r i m e n t a l  
s e c t i o n .  The main  o b s e r v a t i o n s  d i s c u s s e d  i n  t h e  t e x t  a r e  
o u t l i n e d  i n  t h e  f o l l o w i n g  b r i e f  summary:
O x y t e t r a c y c l i n e  f o r m a t i o n  i n c r e a s e d  l i n e a r l y  o v e r  t h e  
p e r i o d  2 4 - 9 6  h o u r s .  A p o l y e n e  m a c r o l i d e ,  r i m o c i d i n ,  was  
d e t e c t e d  a s  a c o - m e t a b o l i t e  o f  o x y t e t r a c y c l i n e  i n  c e r t a i n  
p r o d u c i n g  s t r a i n s .  T h i s  compound was  o b s e r v e d  d u r i n g  t h e  
e x p o n e n t i a l  p h a s e  o f  g r o w t h .
P a p e r  c h r o m a t o g r a p h y  i n  t h e  u p p e r  p h a s e  o f  b u t a n o l :  
a c e t i c  a c i d :  w a t e r  ( 4 : 1 : 5 ) ,  was  d i s c o v e r e d  t o  b e  o p t i m a l  
f o r  t h e  s e p a r a t i o n  o f  b r o t h  m e t a b o l i t e s .  R e s o l u t i o n  o f  
f e r m e n t a t i o n  p r o d u c t s  by t h i n  l a y e r  c h r o m a t o g r a p h y  was  
f o u n d  t o  b e  p o o r  and n o n - r e p r o d u c i b l e .  Hi gh  p e r f o r m a n c e  
l i q u i d  c h r o m a t o g r a p h y  was s u c c e s s f u l l y  a p p l i e d  t o  t h e  
s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  t e t r a c y c l i n e s  i n  b r o t h  
f i l t r a t e s .  The p r e s e n c e  o f  a l p h a -  and b e t a - a p o o x y t e t r a c y c l i n e s
was  d e t e c t e d  i n  b r o t h  f i l t r a t e s  o f  o x y t e t r a c y c l i n e  
p r o d u c i n g  s t r e p t o m y c e t e s .
2 . 2 R e s u l t s  and d i s c u s s i o n
2 . 2 . 1  P r o d u c t i o n  o f  o x y t e t r a c y c l i n e
S t r e p t o m y c e s  r i m o s u s  NRRL 2 2 3 4  (G?)  wa s  s t u d i e d
i n  s u b me r g e d  f e r m e n t a t i o n  t o  a s s e s s  i t s  OTG ( l )  f o r m a t i o n .  
The f e r m e n t a t i v e  p r o d u c t i o n  o f  ( l )  was  a b i p h a s i c  p r o c e s s ;  
a g l u c o s e - b a s e d  i n o c u l u m  s t a g e  ( 2 4  h r )  p r o v i d e d  u n i f o r m  
a l i q u o t s  o f  v e g e t a t i v e  m y c e l i u m  f o r  g r o w t h  i n  c o m p l e x  
f e r m e n t a t i o n  medium ( g l u c o s e ,  l a c t a l b u m i n  h y d r o l y s a t e ) .  
Q u o t i d i a n  a s s a y s  w e r e  made t o  f o l l o w  t h e  f o r m a t i o n  o f  
OTC and t o  m e a s u r e  o t h e r  f e r m e n t a t i o n  p a r a m e t e r s  ( g l u c o s e  
c o n s u m p t i o n  and pH ) .
2 . 2 . 1 . 2  E s t i m a t i o n  o f  o x y t e t r a c y c l i n e  f o r m a t i o n
I n i t i a l l y ,  a c i d i f i e d  b r o t h  f i l t r a t e s  (pH 2 . 0 )  
w e r e  t e s t e d  f o r  a n t i b i o t i c  a c t i v i t y  u s i n g  d i s c  b i o - a s s a y  
on a g a r  p l a t e s  s e e d e d  w i t h  B a c i l l u s  s u b t i l i s . F o l l o w i n g  
i n c u b a t i o n  o f  t h e  p l a t e s  a t  3 7°C,  t h e  d i a m e t e r s  o f  t h e  
r e s u l t a n t  z o n e s  o f  i n h i b i t i o n  (mm) w e r e  c o mp a r e d  w i t h  a 
c a l i b r a t i o n  c u r v e  o b t a i n e d  f o r  s t a n d a r d  OTG ( F i g  2 . 1 a ) .
T h i s  p r o c e d u r e  was  m a i n l y  o f  q u a l i t a t i v e  v a l u e ,  p o s i t i v e l y  
i n d i c a t i n g  a n t i b i o t i c  f o r m a t i o n .  Ho we v er ,  q u a n t i t a t i v e l y  
i t  was  a p p a r e n t  t h a t  h i g h  l e v e l s  o f  OTG (ca,  1 mg ml "^)  
w e r e  n e c e s s a r y  t o  i n v o k e  o b v i o u s l y  d i f f e r e n t  s i z e d  z o n e s  
o f  i n h i b i t i o n .  S m a l l  z o n e s  o f  i n h i b i t i o n  ( 7 - 1 0  mm d i a m e t e r )  
f ro m G7 b r o t h  f i l t r a t e s  p r e v e n t e d  a c c u r a t e  e s t i m a t i o n  o f  
a n t i b i o t i c  p o t e n c y ,  c f  F i g  2 . 1 a .
C o m p a r a t i v e  d i s c  a s s a y  w i t h  p e n i c i l l i n  V ( F i g  2 . 1 b ) ,  
showed c o n s i d e r a b l y  i n c r e a s e d  s e n s i t i v i t y  o f  t h e  t e s t
C o m p a r a t i v e  d i s c - b i o a s s a y  a g a i n s t  B.  s u b t i l i s
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o r g a n i s m  t o  t h e  b e t a - l a c t a m , r e l a t i v e  t o  o x y t e t r a c y c l i n e .
I n  a d d i t i o n  t o  i t s  q u a n t i t a t i v e  i n a c c u r a c y ,  d i s c  b i o - a s s a y  
was  n o t  a b l e  t o  d i s c e r n  t h e  p r e s e n c e  o f  o t h e r  b i o - a c t i v e  
t e t r a c y c l i n e s  i n  b r o t h  f i l t r a t e s .  S u b s e q u e n t l y ,  d e t e r m i n a t i o n  
o f  OTC c o n c e n t r a t i o n  was  p e r f o r m e d  by UV a s s a y  a t  3 5 3  nm 
( E w  = 2 7 7 ) » i n  c o n j u n c t i o n  w i t h  h i g h  p e r f o r m a n c e  l i q u i dI/O
c h r o m a t o g r a p h y  (HPLC).
HPLG s e p a r a t i o n  o f  OTC and i t s  c o n g e n e r s  was  a c h i e v e d  
u s i n g  a m o d i f i c a t i o n  o f  a met hod  d e s c r i b e d  by Knox and  
J u r a n d  I n d i v i d u a l  b r o t h  c o m p o n e n t s  w e r e  i d e n t i f i e d
f rom t h e i r  c o m p a r a t i v e  r e t e n t i o n  t i m e s ,  r e l a t i v e  t o  
s t a n d a r d  t e t r a c y c l i n e s  ( F i g  2 . 2 a ) .
2 . 2 . 1 . 3  A n a l y s i s  o f  o x y t e t r a c y c l i n e  f e r m e n t a t i o n  b r o t h s
The c h ro m a to g r a m  o b t a i n e d  f rom a G7 b r o t h  f i l t r a t e  
( l 6 8  h r ) ,  i n d i c a t e d  t h a t  OTC ( 3 0 0  ^ig ml*"^) c o n t r i b u t e d  
80% o f  t h e  UV a b s o r p t i o n ,  w h i l s t  t e t r a c y c l i n e  ( 2 )  was  
f o r m e d  c o n c o m i t a n t l y  i n  8% y i e l d ,  i n  a c c o r d  w i t h  e a r l i e r  
o b s e r v a t i o n s  ( F i g  2 . 2 b ) .  I n  a d d i t i o n  t o  OTC and TC, t h e  
p r e s e n c e  o f  a l p h a -  and b e t a - a p o o x y t e t r a c y c l i n e s  w e r e  
d e t e c t e d ,  c f  F i g  2 . 2 b .  T h e s e  p r o d u c t s  a r e  i s o m e r i c  p t h a l i d e s  
( 3 ) ,  f o r m e d  t h r o u g h  p a r t i a l  d e g r a d a t i o n  o f  OTC.
A c i d  c a t a l y s e d  d e h y d r a t i o n  o f  OTC i n  h y r o x y l - f r e e
medium,  h a s  b e e n  shown t o  g e n e r a t e  a n h y d r o o x y t e t r a c y c l i n e  ( 4 ) .
When s u b s e q u e n t l y  p l a c e d  i n  d i l u t e  a c i d ,  r a p i d  s c i s s i o n  o f
r i n g  B o c c u r r e d ,  v i a  t h e  r e a c t i v e  C-5 h y d r o x y l  g r o u p ,
53 10 2f o r m i n g  ( 3 ) 1 Scheme 20 * . T h i s  known r e a c t i o n  c o u l d
a c c o u n t  f o r  t h e  o b s e r v a t i o n  o f  l o w  c o n c e n t r a t i o n s  o f  ( 3 )  
i n  HPLC p r o f i l e s  o f  OTC p r o d u c i n g  s t r e p t o m y c e t e s . However  
t h i s  d o e s  n o t  p r e c l u d e  t h e  t r a n s i e n t  e x i s t e n c e  o f  (^-) a s
F i g  2 . 2  HPLC s e p a r a t i o n  o f  t e t r a c y c l i n e  a n t i b i o t i c s !  2 . 2 a ,  
s t a n d a r d  c ompounds  (50  yiig; ml ■*") ; 2 . 2 b ,  b r o t h  f i l t r a t e  ex  
S.  r i m o s u s  ( G 7 ) .
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Scheme 20 F o r m a t i o n  o f  a p o - o x y t e t r a c y c l i n e  ( 3 )  f r om  
d e h y d r a t i o n  o f  o x y t e t r a c y c l i n e
«, j. o.oucj- ooo-gt! u x u b y n u u e x i c  l n i e r m e a i a t e ,  w h i c h  c o u l d  
u n d e r g o  i n  v i t r o  c o n v e r s i o n  t o  ( 3 ) »  p r i o r  t o  c h r o m a t o g r a p h i c  
a n a l y  s i  s .
S i m i l a r  HPLC a n a l y s e s  we r e  o b t a i n e d  f ro m S .  c a p u e n s i s
CBS I I 363  ( F i g  2 . 2 c )  and S.  p l a t e n s i s  NRRL 236^
( p i g  2 . 2 d ) .  C u m u l a t i v e  e v i d e n c e  f rom t h e s e  s t u d i e s  i n d i c a t e d
t h e  f o r m a t i o n  o f  OTC i n c r e a s e d  l i n e a r l y  ( 2 ^ - 9 6  h r ) ,
“b e f o r e  t h e  o b s e r v e d  r a t e  o f  b i o s y n t h e s i s  d e c l i n e d  ( 9 6 -1 6 8  h r ) ,
a s  d e p i c t e d  i n  F i g  2 . 3 »  d e p i t e  t h e  a v a i l a b i l i t y  o f  r e s i d u a l
g l u c o s e  i n  t h e  medium ( F i g  2 . ^ ) .  T h i s  c o u l d  c o n c e i v a b l y
h a v e  b e e n  a c o n s e q u e n c e  o f  t h e  c o n d i t i o n s  o f  t h e  s h a k e
f l a s k  f e r m e n t a t i o n  p r o c e s s , w h e r e i n  t h e  o r g a n i s m  b e c o m e s
l i m i t e d  i n  t h e  a v a i l a b i l i t y  o f  k e y  n u t r i e n t s  eg n i t r a t e
and p h o s p h a t e ,  t h e  l e v e l s  o f  w h i c h  a r e  c o n s i d e r e d  t o  be
10c r i t i c a l  i n  OTC f o r m a t i o n  .
2 . 2 . 2  C o - f e r m e n t a t i o n  o f  r i m o c i d i n
The q u a t e r n a r y  c a r b o n  ( C - 1 2 a )  s e p a r a t e s  t h e  
c h r o m o p h o r e s  o f  t e t r a c y c l i n e s  i n t o  two  d i s t i n c t  r e g i o n s :
R i n g  A, p o s s e s s e s  a p o t e n t i a l  [3 - t r i c a r b o n y l  s y s t e m  ( C - 1 , 3  and 
CONHg), c o n t r i b u t i n g  an a b s o r p t i o n  band a t  ca  260nm, w h i l s t  
t h e  a r o m a t i c  r i n g  D c o n j u g a t e s  w i t h  t h e  p o t e n t i a l  f l - d i k e t o n e  
m o i e t y  ( c - 1 1  and 1 2 )  o f  r i n g s  B and C, t o  p r o d u c e  a v i s i b l e  
band a t  ca  360nm ( a c c o u n t i n g  f o r  t h e  p a l e  y e l l o w  
a p p e a r a n c e  o f  t e t r a c y c l i n e s ) .
UV a n a l y s i s  o f  t h e  a c i d i f i e d  b r o t h  f i l t r a t e s  (pH 2 . 0 )  
f r om S.  p l a t e n s i s  c l e a r l y  showed  t h e  c h a r a c t e r i s t i c  
a b s o r p t i o n  p a t t e r n  f o r  o x y t e t r a c y c l i n e  ( F i g  2 . 5 a ) .
However ,  S .  r i m o s u s  (G7)» i n  a d d i t i o n  t o  t h e  maxima  
a s s o c i a t e d  w i t h  OTC, showed a q u a r t e t  o f  p e a k s  \  279nm,
J l l a X
291nm,  30^nm,  and 319nm ( F i g  2 . 5 b ) .  T h i s  p a t t e r n  o f
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a b s o r p t i o n  was  t y p i c a l  o f  a c o n j u g a t e d  p o l y e n e ,  and was
c o n s i s t e n t  w i t h  t h a t  r e c o r d e d  f o r  a known a n t i f u n g a l
10 6a g e n t ,  r i m o c i d i n  ( 5 )  • B u t a n o l i c  e x t r a c t s  o f  t h e
m y c e l i u m  ( a n d  a l s o  t h e  b r o t h  f i l t r a t e  (pH 9 * 0 )  w e r e  
e n r i c h e d  w i t h  t h i s  compound.  T r e a t m e n t  o f  t h e  a l c o h o l i c  
e x t r a c t  w i t h  d i l u t e  HCl (O. IM)  r e mo v e d  r e s i d u a l  OTC» 
l e a v i n g  t h e  o r g a n i c  l a y e r  c o n t a i n i n g  o n l y  t h e  p o l y e n e  
( F i g  2 , 5 c ) .
The p r e s e n c e  o f  ( 5 ) w a s  d e t e c t e d  i n  f e r m e n t a t i o n
b r o t h s  by 2^ 4- h r ,  i n d i c a t i n g  i t s  p r o d u c t i o n  d u r i n g  t h e
e x p o n e n t i a l  p h a s e  o f  g r o w t h ,  c o n t r a r y  t o  t h e  s p e c u l a t i o n s  o f  
7
o f  B u ’ l o c k  f o r  t h e  o n s e t  o f  s e c o n d a r y  m e t a b o l i s m .  
P r o d u c t i o n  o f  r i m o c i d i n  was  a l s o  f o u n d  i n  S .  r i m o s u s  ( g 6 ) , 
a m u t a n t  s t r a i n  o f  G7» p r e f e r e n t i a l l y  e l a b o r a t i n g  t h e  
2 - a c e t y l  a n a l o g u e  ( 6 ) ,  o f  OTG, and i n  S.  c a p u e n s i s .
R i m o c i d i n  i s  a p o l y k e t i d e  m e t a b o l i t e ,  and i t s  c o n c o m i t a n t  
f o r m a t i o n  w i t h  OTG s u g g e s t e d  c o m p e t i t i v e  u t i l i s a t i o n  o f  
a v a i l a b l e  Gg u n i t s .
B r o t h  a n a l y s i s  o f  p r o d u c i n g  o r g a n i s m s  i n d i c a t e d  
t h a t  r i m o c i d i n  p r o d u c t i o n  i n c r e a s e d  l i n e a r l y  up t o  ?2 h r ,  
a f t e r  w h i c h  t i m e ,  some t u r n o v e r  o f  t h e  m e t a b o l i t e  was  
a p p a r e n t  ( 7 2 - 1 6 8  h r ) .  S.  c a p u e n s i s  showed maximum 
f o r m a t i o n  o f  t h e  m e t a b o l i t e  ( ca  2 mg ml ^ ) , and a l s o  
e x h i b i t e d  t h e  mo s t  marked t u r n o v e r .  C o m p a r a t i v e  f o r m a t i o n  
o f  r i m o c i d i n  by p r o d u c i n g  s t r a i n s  i s  i l l u s t r a t e d  i n  F i g  
2 . 6 .  S u b s e q u e n t  i n v e s t i g a t i o n  o f  a h i g h e r  y i e l d i n g  OTC 
m u t a n t ,  S.  r i m o s u s  ( P f i z e r  s t r a i n  1 7 1 0 1 ) ,  d i d  n o t  r e v e a l  
t h e  f o r m a t i o n  o f  r i m o c i d i n ,  i n d i c a t i n g  d e l e t i o n  or  
s u p p r e s s i o n  o f  t h e  g e n e s  f o r  i t s  f o r m a t i o n .  T e t r a c y c l i n e  
p r o d u c i n g  s t r a i n s  we r e  a l s o  f o u p d  n o t  t o  e l a b o r a t e  t h e  
p o l y e n e  m e t a b o l i t e .
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2 . 2 . 3  C hr o m a to g r a p hy  o f  o x y t e t r a c y c l i n e
Optimum c h r o m a t o g r a p h i c  m o b i l i t y  o f  OTC was  
a c h i e v e d  u s i n g  p a p e r  ( W h at m a n' s  No 4 )  a s  s t a t i o n a r y  
p h a s e ,  d e v e l o p e d  i n  a s o l v e n t  s y s t e m  c o m p r i s i n g  t h e  
u p p e r  p h a s e  o f  b u t a n o l : a c e t i c  a c i d j w a t e r  ( 4 : 1 : 5 )  • B r o t h s  
f ro m p r o d u c i n g  o r g a n i s m s  w e r e  g e n e r a l l y  a c i d i f i e d  (pH 2 . 0 )  
t o  l i b e r a t e  t h e  a n t i b i o t i c  f r om t h e  m y c e l i u m ,  and  
e x t r a c t e d  w i t h  b u t a n o l  a t  t h i s  pH or  f o l l o w i n g  a d j u s t m e n t  
t o  pH 9 . 0 .  A f t e r  c o n c e n t r a t i o n  o f  t h e  y e l l o w  e x t r a c t  
i n  v a c u o ,  a l i q u o t s  ( t y p i c a l l y  100 ^ul )  w e r e  c h r o m a t o g r a p h e d  
i n  BAW. A f t e r  d e v e l o p m e n t  and d r y i n g  o f  t h e  p a p e r ,  OTC 
was v i s u a l i s e d  a s  a y e l l o w  s p o t  (R^ 0 . 5 ) •  E x p o s u r e  o f  t h e  
c h r o m at o g r a m  t o  ammonia v a p o u r ,  c o n s i d e r a b l y  e n h a n c e d  t h e  
f l u o r e s c e n c e  o f  t h e  OTC z o n e  when v i e w e d  u n d e r  UV l i g h t  
( 3 5 3  n m ) .
C o n f i r m a t i o n  o f  t h e  z o n e  a s  p r i m a r i l y  OTC was  made  
by c o m p a r i s o n  w i t h  s t a n d a r d  s o l u t i o n s  o f  t h e  a n t i b i o t i c .  
T h i n  l a y e r  s e p a r a t i o n  o f  b r o t h  e x t r a c t s  was n o t  s u c c e s s f u l  
w i t h o u t  p r i o r  t r e a t m e n t  o f  t h e  s t a t i o n a r y  p h a s e  w i t h  
b u f f e r s  or  s e q u e s t e r i n g  a g e n t s .  The n o n - r e p r o d u c i b i l i t y  
i n h e r e n t  w i t h  s u c h  m o d i f i c a t i o n s  p r e e l u d e d  i t s  u s e  a s  a 
g e n e r a l  t e c h n i q u e .  P a p e r  c h r o m a t o g r a p h y  i n  BAW was  
t h e r e f o r e  s e l e c t e d  a s  t h e  s o l v e n t  s y s t e m  f o r  t h e  s u b s e q u e n t  
c o m p a r a t i v e  s u r v e y  o f  s t r e p t o m y c e t e  m e t a b o l i t e s  by  
a u t o r a d i o g r a p h y .
2 . 2 . 4  F e r m e n t a t i o n  o f  o t h e r  t e t r a c y c l i n e s
I n  a d d i t i o n  t o  OTG y i e l d i n g  s t r e p t o m y c e t e s ,  f o u r  
o t h e r  ' t e t r a c y c l i n e '  p r o d u c i n g  org^anisms w e r e  s t u d i e d  
t o  c o n f i r m  t h e  r e p o r t e d  p r o d u c t  s p e c i f i c a t i o n ,  p r i o r  t o  
i n c l u s i o n  i n  t h e  a u t o r a d i o g r a p h i c  s u r v e y .  The  m e d i a  u s e d
t o  c u l t i v a t e  t h e s e  o r g a n i s m s  d i f f e r e d  f u n d a m e n t a l l y  f rom  
t h o s e  u s e d  f o r  OTC p r o d u c e r s ,  i n  t h e  e x c l u s i o n  o f  g l u c o s e  
and l a c t a l b u m i n  h y d r o l y s a t e  a s  t h e  main c a r b o n  and n i t r o g e n  
s o u r c e  s .
A s u c r o s e - b a s e d  i n o c u l u m  medium,  ( s e e  a p p e n d i x  f o r  
f u l l  c o m p o s i t i o n ) , was  f o u n d  t o  b e  s a t i s f a c t o r y  f o r  t h e  
p r o d u c t i o n  o f  v e g e t a t i v e  m y c e l i u m .  F e r m e n t a t i v e  p r o d u c t i o n  
o f  a n t i b i o t i c s  was  s u c c e s s f u l l y  a c h i e v e d  i n  a medium 
c o n t a i n i n g  m o d i f i e d  s t a r c h  and c o r n  s t e e p  p o w d e r  a s  t h e  
b a s i c  c o m p o n e n t s .
2 . 2 . 4 . 1  A n a l y s i s  o f  t e t r a c y c l i n e  f e r m e n t a t i o n  b r o t h s
107S t r e p t o m y c e s  a u r e o f a c i e n s  ATGC 1 0 7 6 2  was  f o u n d  
t o  p r o d u c e  7 - c h l o r o t e t r a c y c l i n e  ( 7 )  when grown i n  s u b m e r g e d  
f e r m e n t a t i o n  i n  a c o m p l e x  medium.  Ammonium c h l o r i d e  ( 0 . 2 % )  
p r o v i d e d  t h e  s o u r c e  o f  t h e  h a l o g e n .  C h r o m a t o g r a p h y  o f  
b u t a n o l i c  e x t r a c t s  f rom a c i d i f i e d  b r o t h  f i l t r a t e s  (pH 2 . 0 )  
i n d i c a t e d  t h e  p r e s e n c e  o f  CTC c l e a r l y  v i s i b l e  a s  a y e l l o w  
f l u o r e s c e n t  s p o t  (R ,^ O . 6 5 ) .  UY a n a l y s i s  o f  t h e  f i l t r a t e s  
showed t h e  c h a r a c t e r i s t i c  ' t e t r a c y c l i n e '  maxima a t  360 nm 
and 270 nm ( F i g  2 . 7 )  a p p a r e n t  a f t e r  48  hr  o f  f e r m e n t a t i o n .
When t h e  a c i d i f i e d  f i l t r a t e s  ( 1 6 8  h r )  w e r e  e x a m i n e d  
by t h e  HPLC s y s t e m ,  two p e a k s  we r e  o b s e r v e d .  The m a j o r  
p e a k  c o r r e s p o n d e d  t o  CTC ( c a  60 yug ml ^) w h i l s t  t h e  
r e l a t i v e l y  m i n o r  p e a k  was f o u n d  t o  h a v e  t h e  same r e l a t i v e  
r e t e n t i o n  t i m e  a s  t e t r a c y c l i n e  ( F i g  2 . 8 a ) .
A t e t r a c y c l i n e  p r o d u c i n g  o r g a n i s m ,  S.  a v a l l e n e u s  
108ATCC 2 3 7 3 0  1 grown u n d e r  t h e  same c o n d i t i o n s ,  was  shown
t o  p r o d u c e  t h e  a n t i b i o t i c  a t  l e v e l s  o f  c_a 200  yug ml a s  
j u d g e d  by HPLC, a f t e r  168  hr  o f  f e r m e n t a t i o n .  The
Fig 2.7 UV analysis of broth filtrate ( S.aureofaciens)
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c h r o m a t o g r a m  ( F i g  2 . 8 b )  i n d i c a t e d  t h e  p r e s e n c e  o f  
d e m e t h y l t e t r a c y c l i n e  ( 8 )  and OTG a s  m i n o r  c o m p o n e n t s ,  
a l t h o u g h  t h e  p r o d u c t  s p e c i f i c a t i o n  f o r  t h i s  o r g a n i s m
d i d  n o t  r e p o r t  t h e  c o n c o m i t a n t  f o r m a t i o n  o f  t h e s e
. , , . .  108  m e t a b o l i t e s
109S.  v i r i d i f a c i e n s  ATCC 1 1 9 8 9  was  n o t  c o n c l u s i v e l y  
d e m o n s t r a t e d  t o  p r o d u c e  t e t r a c y c l i n e s  a t  d e t e c t a b l e  
l e v e l s  u n d e r  t h e  f e r m e n t a t i o n  c o n d i t i o n s  e m p l o y e d ,  
a l t h o u g h  t h e  o r g a n i s m  was  r e p o r t e d  t o  p r o d u c e  b o t h  CTC 
and TC. B r o t h  f i l t r a t e s  o f  S.  p s a m m o t i c u s  w e r e
f o u n d  t o  c o n t a i n  TC ( F i g  2 . 8 c ) .  I n t e r e s t i n g l y  t h i s  was  
t h e  o n l y  t e t r a c y c l i n e  p r o d u c i n g  o r g a n i s m  c a p a b l e  o f  
s u s t a i n i n g  g r o w t h  and a n t i b i o t i c  f o r m a t i o n  i n  t h e  medium 
e m p l o y e d  f o r  OTC e l a b o r a t i n g  s t r e p t o m y c e t e s .
2 . 2 . 5  E f f e c t  o f  pH on a n t i b i o t i c  f o r m a t i o n
F e r m e n t a t i o n  pH d a t a  f o r  t e t r a c y c l i n e  p r o d u c i n g  
o r g a n i s m s  i s  p r e s e n t e d  i n  F i g  2 . 9 a .  I t  h a s  b e e n  s u g g e s t e d  
t h a t  pH l e v e l s  a r e  c r i t i c a l  f o r  a n t i b i o t i c  f o r m a t i o n  i n  
S.  a u r e o f a c i e n s  A pH r a n g e  o f  4 . 2 - 8 . 0  was  r e p o r t e d
t o  be  s u f f i c i e n t  f o r  g r o w t h ,  w h i l s t  a n t i b i o t i c  p r o d u c t i o n  
was  g o v e r n e d  by a n a r r o w e r  r a n g e  o f  5 * 5 - 6 . 5 *  A v a i l a b l e  
d a t a  f r om t h e  p r e s e n t  s t u d i e s  i n d i c a t e d  t h a t  some  
c o r r e l a t i o n  b e t w e e n  pH m a i n t e n a n c e  and a n t i b i o t i c  
f o r m a t i o n  was a p p a r e n t .
S.  v i r i d i f a c i e n s  m a i n t a i n e d  a f e r m e n t a t i o n  pH o f  
7 . 5 - 8 . 0 ,  w i t h  no e v i d e n c e  o f  CTC o r  TC b i o s y n t h e s i s .  
C o n v e r s e l y ,  o t h e r  ' t e t r a c y c l i n e '  p r o d u c i n g  o r g a n i s m s  
h e l d  a j>’H £ £  8 . 5  (F^g 2 . 9 a ) ,  and a n t i b i o t i c s  w e r e  
d e t e c t e d  i n  b r o t h  f i l t r a t e s .  The c o r r e s p o n d i n g  d a t a  f o r  
OTC p r o d u c e r s  ( F i g  2 . 9 b )  a l s o  s u g g e s t e d  a r e l a t i o n s h i p
F i g  2 . 9 a  C o m p a r a t i v e  pH p r o f i l e s  o f  t e t r a c y c l i n e
p r o d u c i n g  s t r e p t o m y c e t e s
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ueuween pn ana a n t i b i o t i c  f o r m a t i o n .  G e n e r a l l y  OTC was  
o b s e r v e d  t o  b e  f o r m e d  i n  t h e  pH r a n g e  7 . 2 - 8 . 0 .  In  
marked c o n t r a s t ,  s u b - c u l t u r i n g  o f  S.  c a p u e n s i s  r e s u l t e d  
i n  a p r o g r e s s i v e  l o s s  o f  OTC p r o d u c t i o n ;  pH m e a s u r e m e n t s  
o f  5 . 5 - 6  . 0 w e r e  r e c o r d e d  i n  s u c h  f e r m e n t a t i o n s .  UV a s s a y  
o f  t h e  b r o t h  f i l t r a t e s  i n d i c a t e d  r i m o c i d i n  b i o s y n t h e s i s  
w a s u n a f f e c t e d  by t h i s  a p p a r e n t  m e t a b o l i c  c h a n g e .
CHAPTER THREE
AUTORADIOGRAPHIC INVESTIGATION OF TETRACYCLINE 
PRODUCING STREPTOMYCETES
3 • 1 I n t r o d u c t i o n
I n  t h e  p a s t ,  t h e  i s o l a t i o n  and s t r u c t u r e  d e t e r m i n a t i o n  
o f  n a t u r a l l y - o c c u r r i n g  co mp o u n ds ,  c o n f i n e d  b i o g e n e t i c  
h y p o t h e s e s  t o  u n t e s t e d  s p e c u l a t i o n  More r e c e n t l y ,  
i s o t o p i d  l a b e l l i n g  s t u d i e s  h a v e  b e e n  a p p l i e d  t o  t h e
7 - 1 0e x a m i n a t i o n  o f  s p e c i f i c  a s p e c t s  o f  b i o s y n t h e t i c  s c h e m e s  ,
b u t  h a v e  p r o v i d e d  l i m i t e d  i n f o r m a t i o n  a b o u t  t h e  o v e r a l l  
m e t a b o l i s m  o f  t h e  p r o d u c i n g  o r g a n i s m .  A u t o r a d i o g r a p h i c  
i n v e s t i g a t i o n  o f  t h e  m e t a b o l i s m  s o l u t i o n s  f ro m o r g a n i s m s  
i n c u b a t e d  i n  t h e  p r e s e n c e  o f  r a d i o a c t i v e l y - l a b e l l e d  p r e c u r s o r s  
can  p r o v i d e  d i r e c t  i n f o r m a t i o n  t o  s u c h  e v e n t s .
T h i s  met hod  h a s  many a d v a n t a g e s ,  p r e d o m i n a n t l y  i t s
s e n s i t i v i t y  and i n d e p e n d e n c e  o f  c h e m i c a l  s t r u c t u r e  or
s p e c i a l i s e d  p r o p e r t i e s ,  s u c h  a s  a n t i b i o t i c  a c t i v i t y .
C h r o m a t o g r a p h i c  s e p a r a t i o n  o f  m e t a b o l i t e s  r e a d i l y  l e a d s  t o
' f i n g e r p r i n t  a u t o r a d i o g r a m s ' ,  w h i c h  p r o f f e r  i t s  a p p l i c a t i o n
a s  a p o t e n t i a l  t a x o n o m i c  p r o b e  f o r  p r o d u c t s  g e n e r a t e d  f r om
s p e c i f i c  p r e c u r s o r s .  A u t o r a d i o g r a p h y  h a s  b e e n  a p p l i e d  t o
112a r a n g e  o f  m i c r o b i a l  p r o d u c t s  i n c l u d i n g  p e n i c i l l i n s  , 
a l t e r n a r i o l  and p e n i c i l l i c  a c i d  • i t s  a p p l i c a t i o n
i n  t h e  a r e a  o f  t e t r a c y c l i n e  b i o s y n t h e s i s  i s  d i s c u s s e d  i n  
t h i s  c h a p t e r .  The s i g n i f i c a n t  f i n d i n g s  a r e  o u t l i n e d  i n  t h e  
f o l l o w i n g  b r i e f  summary.
r 14 i11 -  G ] a c e t a t e - d e r i v e d  t e t r a c y c l i n e s  w e r e  shown by
a u t o r a d i o g r a p h y  t o  b e  m i n o r  c o m p o n e n t s  i n  a m e t a b o l i s m
14s o l u t i o n  i n  w h i c h  t h e  main C - l a b e l l i n g  was  a t t r i b u t a b l e  
t o  amino  a c i d s .  G l u t a m a t e  was  i d e n t i f i e d  a s  t h e  mo s t  
e f f i c i e n t l y  l a b e l l e d  m e t a b o l i t e ,  and a p p e a r s  t o  b e  t h e  
f i r s t  p r o d u c t  a c c u m u l a t e d ,  u n d e r  t h e  c o n d i t i o n s  o f  t h e
[ U - ^ ^ C ] G l u c o s e  y i e l d e d  q u a l i t a t i v e l y  s i m i l a r  a u t o r a d i o g r a m s
t 14t o  t h o s e  o b t a i n e d  f r o m [ l -  C J a c e t a t e ,  w h e r e a s  u t i l i s a t i o n  
1 q,
o f [ 2 -  C J m a l o n a t e  was  m a r k e d l y  l e s s  t h a n  t h a t  o b s e r v e d  
f o r  e i t h e r  a c e t a t e  or  g l u c o s e .
C e r u l e n i n  f e e d i n g  s t u d i e s  d i d  n o t  l e a d  t o  t o t a l  
i n h i b i t i o n  o f  p o l y k e t i d e  b i o s y n t h e s i s  i n  t h e  w a s h e d - e e l l  
s y s t e m .
3 . 2  R e s u l t s  and d i s c u s s i o n
3 . 2 . 1  U t i l i s a t i o n  o f  p o l y k e t i d e ,  p r e c u r s o r s  by ' t e t r a c y c l i n e *
p r o d u c i n g  s t r e p t o m y c e t e s
Washed m y c e l i u m  ( l 68 h r )  f ro m S.  r i m o s u s  ( G7) »
14i n c u b a t e d  w i t h f l -  C ] a c e t a t e  ( 5  y uCi ) ,  i n d i c a t e d  t h e  
f o r m a t i o n  o f  t h r e e  m a j o r  m e t a b o l i t e s  o t h e r  t h a n  OTC ( l ) » 
a s  r e s o l v e d  i n  BAW: Rf  0 . 2  ( A - ^ ,  0 . 2 5  (-^3 )*
By c o m p a r i s o n , a c t i v i t y  i n  t h e  OTC r e g i o n  was  m i n i m a l  
( F i g  3 - 1 ) •  The a p p e a r a n c e  and i n t e n s i t y  o f  t h e  a c e t a t e  
d e r i v e d  m e t a b o l i t e s  v a r i e d  w i t h  t i m e  o f  i n c u b a t i o n ;  
c o mp o n e n t  Ag was  c l e a r l y  v i s i b l e  a f t e r  1 m i n u t e ,  i n c r e a s i n g  
i n  i n t e n s i t y  up t o  360  m i n u t e s .
.  14 ,
I n c o r p o r a t i o n  o f ( . l -  C J a c e t a t e  i n t o  OTC was  o b v i o u s  
a f t e r  i n c u b a t i o n  f o r  120 m i n u t e s ,  w i t h o u t  c o n c o m i t a n t  
r e d u c t i o n  i n  any o f  t h e  o t h e r  m a j o r  a c e t a t e - d e r i v e d  z o n e s .  
T h e s e  m e t a b o l i t e s  d i d  n o t  show a b s o r p t i o n  o r  f l u o r e s c e n c e  
when v i e w e d  u n d e r  UV l i g h t  ( 2 5 4  and 353  n m ) , and 
c o u p l e d  w i t h  t h e i r  a p p a r e n t l y  i n d e p e n d e n t  f o r m a t i o n ,  
i m p l i e d  t h e y  w e r e  n o t  a d v a n c e d  i n t e r m e d i a t e s  i n  t h e  
b i o s y n t h e s i s  o f  OTC. P r o l o n g e d  i n c u b a t i o n  o f  ( l - ^ C  J a c e t a t e  
( 2 4  h r ) ,  r e s u l t e d  i n  a r e d u c t i o n  i n  i n t e n s i t y  o f  a l l  
m e t a b o l i t e s  o b s e r v e d ,  i n d i c a t i n g  t h e i r  r e - u t i l i s a t i o n
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1 A u t o r a d i o g r a m  o b t a i n e d  f o l l o w i n g  i n c u b a t i o n  o f  
w a s h e d  m y c e l i u m  ( l 6 8  h r ) ,  f r o m  S .  r i m o s u s  ( G 7 ) ,  
w i t h  [ l - Uc]  a c e t a t e  . A c i d i f i e d  a q u e o u s  e x t r a c t s ,  
( p H  2 . 0 ) ,  c h r o m a t o g r a p h e d  i n  BAW.
S F =  S o l v e n t  f r o n t
t o  m e e t  t h e  e n e r g y  demands  o f  t h e  o r g a n i s m  u n d e r  t h e  
p o t e n t i a l l y  s t r e s s f u l  c o n d i t i o n s  o f  t h e  w a s h e d - c e l l  s y s t e m .
3 * 2 . 2  C h a r a c t e r i s a t i o n  o f  unknown m e t a b o l i t e s
P r e l i m i n a r y  a t t e m p t s  a t  c h a r a c t e r i s a t i o n  o f  unknown  
a c e t a t e - d e r i v e d  m e t a b o l i t e s  w e r e  d i r e c t e d  t o w a r d s  t h e  u s e  
o f  c h r o m a t o g r a p h i c  s p r a y  r e a g e n t s ,  f o r  t h e  d e t e c t i o n  o f  
s p e c i f i c  f u n c t i o n a l  g r o u p s .  N i n h y d r i n  t r e a t m e n t  o f  
c h r o m a t o g r a m s  g a v e  r i s e  t o  c o l o u r e d  s p o t s ,  i n d i c a t i v e  o f  
f r e e  ami no  g r o u p s .  M e t a b o l i t e s  , Ag» and A  ^ c o r r e s p o n d e d  
e x a c t l y  w i t h  n i n h y d r i n  p o s i t i v e  z o n e s ,  s u g g e s t i n g  t h e y  
w e r e  p o s s i b l y  ami no  a c i d s .
M a t e r i a l  f r om t h e  z o n e s  was  e l u t e d  f r o m  t h e
c h r o m a t o g r a m  (H^O) and c o - c h r o m a t o g r a p h e d  w i t h  s t a n d a r d
c o m p ou n d s .  A-^  g a v e  a s i n g l e  s p o t ,  f o r m i n g  a p u r p l e  p r o d u c t
w i t h  n i n h y d r i n ,  and was  c h r o m a t o g r a p h i c a l l y  i n d i s t i n g u i s h a b l e
f rom a s p a r t i c  a c i d .  S i m i l a r l y ,  m e t a b o l i t e  A  ^ was  f o u n d  t o  b e
i n d i s t i n g u i s h a b l e  f r om g l u t a m i c  a c i d ,  w h i l s t  A  ^ p o s s e s s e d
c h r o m a t o g r a p h i c  c h a r a c t e r i s t i c s  a k i n  t o  m e t h i o n i n e  and
v a l i n e .  S u b s e q u e n t  a n a l y s i s  o f  m y c e l i a l  e x t r a c t s  f o r
a mi no  a c i d  c o n t e n t  by HPLC, c o n f i r m e d  t h e  p r e s e n c e  o f
a s p a r t a t e  and g l u t a m a t e  a s  m a j o r  m e t a b o l i t e s .  L e s s e r
a m o un t s  o f  o t h e r  ami no  a c i d s  w er e  a l s o  o b s e r v e d ,  b u t  c o u l d
1^ -n o t  b e  u n e q u i v o c a l l y  a s s i g n e d  t o  o t h e r  C m e t a b o l i t e s  
d e t e c t e d  f o l l o w i n g  a u t o r a d i o g r a p h y .
3 * 2 . 3  Amino a c i d  a n a l y s i s  o f  m y c e l i a l  e x t r a c t s
HPLC d e t e r m i n a t i o n  o f  amino  a c i d s  was  a c h i e v e d  u s i n g
11 *5an a d a p t a t i o n  o f  a met hod  d e s c r i b e d  by H i l l  e t  a l  .
Amino a c i d s ,  i n  t h e  p r e s e n c e  o f  e t h a n e t h i o l ,  r e a c t e d  w i t h
o - p h t h a l a l d i a l d e h y d e , p r o d u c i n g  f l u o r e s c e n t  s u b s t i t u t e d  
i s o i n d o l e s  ( Sc h e me  2 1 ) ,  w h i c h  w e r e  a m e n a b l e  t o  HPLC 
s e p a r a t i o n  and f l u o r e s c e n c e  d e t e c t i o n .  A s p a r t a t e  and  
g l u t a m a t e  w e r e  i d e n t i f i e d  i n  m y c e l i u m  e x t r a c t s  t h r o u g h  
s p i k i n g  w i t h  a u t h e n t i c  m a t e r i a l .  T h e i r  p r e s e n c e  i n  
' t e t r a c y c l i n e ' p r o d u c i n g  s t r e p t o m y c e t e s  i s  i l l u s t r a t e d  
f o r  S . r f m o s u s  (G7)» ( F i g  3 « 2 a ) ,  S.  c a p u e n s i s  ( F i g  3 * 2 b ) ,  
and S.  a u r e o f a c i e n s  ( F i g  3 » 2 c ) .
3 . 2 . 4  A u t o r a d i o g r a p h i c  c o m p a r i s o n  o f  t e t r a c y c l i n e  p r o d u c i n g
o r g a n i  sms
r iZj, ,
I n c o r p o r a t i o n  o f [ I -  C j a c e t a t e  d u r i n g  t h e  e x p o n e n t i a l  
p h a s e  o f  ' t e t r a c y c l i n e '  f o r m a t i o n  ( ? 2  h r )  y i e l d e d  a number  
o f  m e t a b o l i t e s  ( F i g  3 * 3 ) »  i n c l u d i n g  a s p a r t a t e  a nd  g l u t a m a t e .  
T h i s  a u t o r a d i o g r a m  i l l u s t r a t e s  t h e  q u a l i t a t i v e  s i m i l a r i t y  
b e t w e e n  d i f f e r e n t  s t r a i n s :  S* c a p u e n s i s  ( C a p ) ,  S.  r i m o s u s  
(G7)  , and S.  p s a m m o t i c u s  ( P s )
A c t i v i t y  i n  t h e  t e t r a c y c l i n e  r e g i o n  was  s i g n i f i c a n t l y  
h i g h e r  w i t h  t h i s  a g e  o f  m y c e l i u m  t h a n  had b e e n  o b s e r v e d  f o r  
1 6 8  hr  c u l t u r e s .  However  i t  was  c l e a r  t h a t  t h e y  r e m a i n e d  
m i n o r  c o n s t i t u e n t s  i n  t h e  m e t a b o l i s m  s o l u t i o n s  o f  t h e s e  
r e l a t i v e l y  l o w  p r o d u c i n g  s t r a i n s .  I n  marked c o n t r a s t ,  
w a s h e d  c e l l  s t u d i e s  o f  S« r i m o s u s  ( P f i z e r  s t r a i n  1 7 1 0 1 ) ,  
a r e l a t i v e l y  h i g h  p r o d u c i n g  s t r a i n ,  i n d i c a t e d  g r e a t e r  
c o n v e r s i o n  o f  p r e c u r s o r s  i n t o  t h e  a n t i b i o t i c .  F i g  3 * 4
r 1 4  ii l l u s t r a t e s  t h e  c o m p a r a t i v e  u t i l i s a t i o n  o f [ l -  C j a c e t a t e ,  
r 14 1 r 14 1IU-  C j g l u c o s e ,  a n d [ 2 -  C J m a l o n a t e  by 72 hr  m y c e l i u m .
A c e t a t e  and g l u c o s e  p r o d u c e d  q u a l i t a t i v e l y  s i m i l a r  
a u t o r a d i o g r a p h i c  p a t t e r n s ,  h o w e v e r  g l u c o s e  l a b e l l i n g  i n  t h e  
h i g h  Rf  ( f a t t y  a c i d )  r e g i o n  was  more  d i f f u s e  t h a n  t h a t
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3 A u t o r a d i o g r a m  s h o w i n g  c o m p a r a t i v e  u t i l i s a t i o n  
o f  [1 -  c] a c e t a t e  by  w a s h e d  m y c e l i u m  ( 7 2  h r )  o f  
t h r e e  t e t r a c y c l i n e  p r o d u c i n g  s t r a i n s .  I n c u b a t i o n  
t i m e  1 2 0  m i n s .
a : A c i d i f i e d  f i l t r a t e  
n ; U n t r e a t e d  s u p e r n a t a n t
t0
Acet Glue
____________i____
120 m i n s
SF
OTC
GLU
■ASP
3 6 0  m i n s
F i g  3 . 4  A u t o r a d i o g r a m  i l l u s t r a t i n g  c o m p a r a t i v e  u t i l i s a t i o n  
b y  w a s h e d  m y c e l i u m  ( 7 2  h r )  o f  S . r i m o s u s  ( 1 7 1 0 1 ) ,  
o f  a c  e t  a t  e , [ U -Uc ] g l  u c o s e  a n d  [ 2 - ' 4c] m a l o n a t  e .
A c i d i f i e d  a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
o b s e r v e d  f r o m  a c e t a t e .
M a l o n a t e  u t i l i s a t i o n  was  s u r p r i s i n g l y  l e s s  t h a n  was
a p p a r e n t  f o r  a c e t a t e ,  p a r t i c u l a r l y  i n t e r e s t i n g  s i n c e  i t  i s
g e n e r a l l y  a c c e p t e d  a s  t h e  c h a i n  e l o n g a t i o n  a g e n t  i n
16p o l y k e t i d e  b i o s y n t h e s i s  . The l o w e r e d  e f f i c i e n c y  o f  
i n c o r p o r a t i o n  o f  t h i s  p r e c u r s o r  may b e  a t t r i b u t a b l e  t o  a 
l e s s  a c t i v e  t h i o k i n a s e  enzyme c a p a b l e  o f  t r a n s f o r m i n g  t h e  
a c i d  t o  i t s  CoA e s t e r .
E n d o g e n o u s  m a l o n y l  CoA f o r m a t i o n  h a s  b e e n  shown  
t o  p r o c e e d  v i a  t h e  c a r b o x y l a t i o n  o f  a c e t y l  CoA, an a l r e a d y  
' a c t i v a t e d '  m o i e t y .  T h i s  r o u t e  f o r  t h e  g e n e r a t i o n  o f  
t h e  m a l o n i c  a c i d  CoA e s t e r  m i g h t  p r e c l u d e  t h e  n e c e s s i t y  
i n  v i v o  f o r  an e f f i c i e n t ,  i n d e p e n d e n t  a c t i v a t i n g  p r o c e s s  
f o r  t h e  f r e e  a c i d  i t s e l f *  h o w e v e r  c f  [ ^ C ^  J m a l o n a t  e 
i n c o r p o r a t i o n  s t u d y  ( p a g e l ^ ) .
F i g  3*5  i l l u s t r a t e s  c o m p a r a t i v e  i n c o r p o r a t i o n  o f
l l^- i r 1^[1-  C j a c e t a t e  and [U- C j g l u c o s e  i n t o  m e t a b o l i t e s  f ro m
S.  a u r e o f a c i e n s . As had b e e n  o b s e r v e d  i n  o r g a n i s m s
p r o d u c i n g  OTC, g l u t a m a t e  was  t h e  mos t  i n t e n s e l y  l a b e l l e d
m e t a b o l i t e ,  a l t h o u g h  t h e r e  was  d e f i n i t i v e  i n c o r p o r a t i o n
o f  b o t h  p r e c u r s o r s  i n t o  c h l o r o t e t r a c y c l i n e  ( ? ) •  D e s p i t e
t h e  l a c k  o f  e v i d e n c e  o f  a n t i b i o t i c  f o r m a t i o n  i n
S .  v i r i d i f a c i e n s  ( w h i c h  a s  p r e v i o u s l y  n o t e d  h a s  b e e n
r e p o r t e d  a s  a s o u r c e  o f  b o t h  TC and CTC"^^) , t h e  o r g a n i s m
d i s p l a y e d  e x t e n s i v e  m e t a b o l i s m  o f  p o l y k e t i d e  p r e c u r s o r s
( F i g  3 * 6 ) .  G l u t a m a t e  was  a g a i n  a m a j o r  a c e t a t e - d e r i v e d
. 1 4 -
m e t a b o l i t e *  i n  a d d i t i o n , [ 2 -  C j m a l o n a t e  u t i l i s a t i o n  was  
more marked i n  t h i s  s t r a i n  t h a n  f o r  any o t h e r  o r g a n i s m  
i n  t h e  a u t o r a d i o g r a p h i c  s u r v e y .
F i g  3 -
or
CTC
A
GLU
ASP
5 A u t o r a d i o g r a m  s h o w i n g  u t i l i s a t i o n  o f  [ l - ,4c] a c e t a t  e 
a n d  [ i J - 14c] g l u c o s e  b y  w a s h e d  m y c e l i u m  ( 7 2  h r )  o f  
S .  a u r e o f a c i e n s . I n c u b a t i o n  t i m e  1 2 0  m i n s j  
a c i d i f i e d  a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
Unknown
Glue H C 0 3 Acet Mai Prop
F i g  3 * 6  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  v a r i o u s  
p o l y k e t i d e  p r e c u r s o r s  b y  w a s h e d  m y c e l i u m  o f  
S .  v i r i d i f a c i e n s  ( 7 2  h r )  . I n c u b a t i o n  t i m e  1 2 0  m i n s .  
A c i d i f i e d  a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
When m y c e l i u m  from S.  r i m o s u s  ( g 6)  , a  r i m o c i d i n
( 3 ) p r o d u c i n g  s t r a i n  was  i n c u b a t e d  i n  t h e  p r e s e n c e  o f  
3. 4 .
1 -  C p r o p i o n a t e ,  g l u t a m a t e  was  a m a j o r  m e t a b o l i t e ,  b u t  
t h e r e  was  a l s o  s i g n i f i c a n t  l a b e l l i n g  i n  t h e  h i g h  R^ r e g i o n  
( F i g  3 * 7 ) •  UV a n a l y s i s  o f  m a t e r i a l  e l u t e d  i n  m e t h a n o l  
f rom t h e  h i g h e r  R r e g i o n  ( 0 . 7 - 1 )  i n d i c a t e d  t h e  a b s o r p t i o n  
maxima c h a r a c t e r i s t i c  o f  r i m o c i d i n  ( c f  F i g  2 . 5 c ) .  However  
s u b s e q u e n t  a t t e m p t s  t o  d e t e c t  t h i s  p o l y e n e  u s i n g  b i o ­
a u t o g r a p h y  a g a i n s t  S a c c h a r o m y c e s  c e r e v i s i a e  w e r e  n o t  
s u c c e s s f u l ;  c o u p l e d  w i t h  t h e  s i m i l a r  c h r o m a t o g r a p h i c  
m o b i l i t y  o f  f a t t y  a c i d s  i n  t h i s  R^ . r e g i o n  p r e c l u d e d  t h e  
c o n c l u s i v e  a s s i g n m e n t  o f  a l a b e l l e d  z o n e  c o r r e s p o n d i n g  t o  
t h e  a n t i f u n g a l  a g e n t .
E x t e n s i v e  l a b e l l i n g  o f  amino  a c i d s  f r o m p o l y k e t i d e  
p r e c u r s o r s  i n  t e t r a c y c l i n e  p r o d u c i n g  s t r e p t o m y c e t e s  i s  
a c o n s e q u e n c e  o f  c h a n n e l l i n g  t h r o u g h  t h e  c i t r i c  a c i d  c y c l e .
3 . 2 . 5  D e r i v a t i o n  o f  g l u t a m a t e  f rom p o l y k e t i d e  p r e c u r s o r s
A u t o r a d i o g r a p h i c  e v i d e n c e  h a s  i n d i c a t e d  t h e  e f f i c i e n t  
t r a n s f o r m a t i o n  o f  [ l - 1^ C J a c e t a t e  i n t o  g l u t a m a t e ■ ( 9 ) •  
A c t i v a t i o n  o f  a c e t a t e  t o  a c e t y l  CoA, by an a p p r o p r i a t e  
t h i o k i n a s e ,  w o u l d  a l l o w  i t s  e n t r y  i n t o  t h e  c i t r i c  a c i d  
c y c l e  v i a  c o n d e n s a t i o n  w i t h  o x a l o a c e t a t e  ( .10) • The  
r e a c t i o n  p r o b a b l y  p r o c e e d s  t h r o u g h  n u c l e o p h i l i c  a t t a c k  by  
t h e  t h i o e s t e r  e n o l a t e  a t  t n e  c a r b o n y l  f u n c t i o n  o f  ( 1 0 ) .  
C o n c o m i t a n t  h y d r o l y s i s  o f  t h e  t h i o e s t e r  may r e l e a s e  
s u f f i c i e n t  e n e r g y  t o  p r o m o t e  t h e  f o r m a t i o n  o f  c i t r a t e  ( l l ) >  
(Scheme  2 2 ) .  S u b s e q u e n t  i s o m e r i s a t i o n  and d e c a r b o x y l a t i o n  
g e n e r a t e s  e K - k e t o g l u t a r a t e  ( l _ 2 ) .  I f  t h i s  m o i e t y  d o e s  n o t  
u n d e r g o  f u r t h e r  t r a n s f o r m a t i o n  i n  t h e  c y c l e ,  i t  may t a k e  
p a r t  i n  a p y r i d o x y l  p h o s p h a t e  ( 1 3 ) d e p e n d e n t  r e d u c t i v e
RIMOCIDIN
ACTIVITY
Time mins
F i g  3 * 7  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f
[1 - Uc ] p  r o p i o n a t e ,  b y  w a s h e d  m y c e l i u m  ( 2 4  h r )  
f r o m  S .  r i m o s u s  ( g 6 ) . A c i d i f i e d  a q u e o u s  
e x t r a c t s  c h r o m a t o g r a p h e d .
H — C — C 0 2H Thiokinase H— C — C  SCoA
Co ASH
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H9C = C  SCoA
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0  =  C . C O O H
H+y—)  I
H2C . C O O H
h 2o CoASH
H2C . C O O H
HO.C .C O O H  
H2C . C O O H
(10) (11)
Scheme 22 F o r m a t i o n  o f  c i t r a t e  f r o m ] a c e t a t e
t r a n s a m i n a t i o n  w i t h  a n y  a v a i l a b l e  a m i n o  a c i d  t o  f o r m
g l u t a m a t e  ( 9 ) »  S c h e m e  2 3 .
The d e r i v a t i o n  o f  ( 9 ) f r  om [ U - ^ C  J g l u c o s e  w o u l d  a l s o  
p r o b a b l y  p r o c e e d  v i a  t h e  i n t e r m e d i a c y  o f  a c e t y l  CoA,  
f o l l o w i n g  i t s  f o r m a t i o n  t h r o u g h  t h e  a n a e r o b i c  o x i d a t i o n  
r e a c t i o n s  o f  t h e  E mb d e n - Me y e r h o f  p a t h w a y  o f  g l y c o l y s i s .
Some l a b e l l i n g  o f  g l u t a m a t e  f r o m [ 2 -  C j m a l o n a t e  wa s  a l s o  
o b s e r v e d  ( c f  F i g  3 * 4 ) .  H o w ev e r ,  t h i s  was  m a r k e d l y  l e s s  
t h a n  t h a t  r e s u l t i n g  f ro m i n c u b a t i o n  w i t h  a c e t a t e  or  
g l u c o s e .
E n t r y  i n t o  t h e  c i t r a t e  c y c l e  w o u l d  h a v e  r e q u i r e d  
d e c a r b o x y l a t i o n  o f  m a l o n a t e  t o  g e n e r a t e ( 2 -  C J a c e t a t e .
T h i s  m o i e t y  w o u l d  t h e n  h a v e  p r o g r e s s e d  t h r o u g h  t h e  s e q u e n c e  
o f  r e a c t i o n s  o u t l i n e d  p r e v i o u s l y  ( c f  Scheme 2 3 ) .  The  
r e d u c e d  i n t e n s i t y  o f  g l u t a m a t e  l a b e l l i n g  f r o m m a l o n a t e  
was  c o n c e i v a b l y  a r e s u l t  o f  t w o  i n t e r - d e p e n d e n t  r a t e  
l i m i t i n g  s t e p s *  m a l o n a t e  i s  a known i n h i b i t o r  o f  t h e  
enzyme s u c c i n a t e  d e h y d r o g e n a s e ,  w h i c h  c a t a l y s e s  t h e
"j 1 ^
d e h y d r o g e n a t i o n  o f  s u c c i n a t e  ( 1 4 )  t o  f u m a r a t e  ( 1 5 )  . As
a h o m o l o g u e  o f  s u c c i n a t e ,  m a l o n a t e  c o m p e t e s  f o r  a v a i l a b l e  
enzyme a c t i v e  s i t e s ,  w h i c h  l e a d s  t o  an a c c u m u l a t i o n  o f  
t h e  m o i e t y  ( Sc h e me  2 4 ) .  Thus  t h e  m a l o n a t e  c o n c e n t r a t i o n  
i n  s i t u ,  w o u l d  d e t e r m i n e  t h e  d e g r e e  o f  i n h i b i t i o n  o f  
c i t r a t e  c y c l e  a c t i v i t y .  The r a t e  o f  d e c a r b o x y l a t i o n  . would  
t h e r e f o r e  g o v e r n  t h e  a b s o l u t e  c o n c e n t r a t i o n  o f  m a l o n a t e  
s p e c i e s  a v a i l a b l e  t o  b i n d  w i t h  s u c c i n a t e  d e h y d r o g e n a s e .
T h i s  c o u l d  t h e n  a c c o u n t  f o r  t h e  r e d u c e d  e f f i c i e n c y  o f  
u t i l i s a t i o n  o f  m a l o n a t e  i n  t h e  a u t o r a d i o g r a p h i c  s t u d i e s .
r 14 1W h e n l l -  G j p r o p i o n a t e  was  i n c u b a t e d  w i t h  m y c e l i u m  
( 2 4  h r )  f rom a r i m o c i d i n  p r o d u c i n g  s t r a i n  ( c f  F i g  3 * 7 ) »
S c h e m e  Z'j> T r a n s a m i n a t i o n  o f  c < - k e t  o g l u t  a r a t  e  t o  
g l u t a m i c  a c i d
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C o m p e t i t i v e  i n h i b i t i o n  o f  s u c c i n a t e  d e h y d r o g e n a s e  
b y  [ 2 - ^ C  j m a l o n a t e
g l u t a m a t e  l a b e l l i n g  was  a l s o  a p p a r e n t .  G a r b o x y l a t i o n  o f  
p r o p i o n y l  CoA wo ul d  g e n e r a t e  D - m e t h y l m a l o n y 1 CoA ( 1 6 ) ,  
w h i c h  f o l l o w i n g  r a c e m i s a t i o n  t o  t h e  L - e n a n t i o m e r  c o u l d  
u l t i m a t e l y  f or m s u c c i n y l  CoA ( 1 ? ) ,  an i n t e r m e d i a t e  o f  t h e  
c i t r a t e  c y c l e  ( S c h em e  2 5 ) .  As s umi n g  t h e  <=<-ket o g l u t a r a t e  
s u b s e q u e n t l y  f o r m e d  l e f t  t h e  c y c l e ,  t h e  g l u t a m a t e  f o r m e d  
w o u l d  be  l a b e l l e d  on t h e  o p p o s i t e  c a r b o x y l  f u n c t i o n  t o
r 1 4  it h a t  d e r i v e d  f r o m [ l -  C J a c e t a t e .
3 * 2 . 6  D e r i v a t i o n  o f  a s p a r t a t e  f r om p o l y k e t i d e  p r e c u r s o r s
The p o t e n t i a l  b i o s y n t h e t i c  p a t h w a y s  t o  a s p a r t a t e  f r om
a c e t a t e  c l o s e l y  p a r a l l e l  t h o s e  f o r  t h e  f o r m a t i o n  o f
g l u t a m a t e .  C i t r i c  a c i d  c y c l e  c o n s u m p t i o n  o f  [ l - ^ C  J a c e t a t e
i s  r e q u i r e d  t o  g e n e r a t e  o x a l o a c e t a t e  ( 1 0 )  w h i c h  can
u n d e r g o  t r a n s a m i n a t i o n  t o  g i v e  a s p a r t a t e  ( 1 8 ) ,  Scheme  2 6 .
A l t e r n a t i v e l y  a s p a r t a t e  can  b e  d e r i v e d  t h r o u g h  a m i n a t i o n
o f  f u m a r a t e  ( 1 5 )  c a t a l y s e d  by L - a s p a r t a t e  ammonia l y a s e
( Sc h e me  2 6 ) .  The a c t i v i t y  o f  t h e  c i t r a t e  c y c l e  d u r i n g
t h e  e x p o n e n t i a l  p h a s e  o f  t e t r a c y c l i n e  p r o d u c t i o n  was
r e p o r t e d  t o  b e  m i n i m a l  i n  h i g h  y i e l d i n g  s t r a i n s  o f
11 7S.  a u r e o f a c i e n s  . I t  was  s u g g e s t e d  t h a t  t h e  a c t i v i t y
o f  enzyme s y s t e m s  c a p a b l e  o f  g e n e r a t i n g  a c e t y l  CoA was
r e d u c e d  by 48  hr  o f  f e r m e n t a t i o n .  However  h i g h  l e v e l s  o f
118p h o s p h o e n o l p y r u v a t e  c a r b o x y l a s e  w e r e  m o n i t o r e d  , g i v i n g  
r i s e  t o  o x a l o a c e t a t e  ( 1 0 ) .  R a t h e r  t h a p  t a k e  p a r t  i n  t h e  
c i t r a t e  c y c l e  i t  was  s u g g e s t e d  t h a t  t h e  o x a l o a c e t a t e  t h u s  
f o r m e d  w o u l d  u n d e r g o  o x i d a t i v e  d e c a r b o x y l a t i o n  t o  y i e l d  
m a l o n a t e  w h i c h  c o u l d  b e  p r e f e r e n t i a l l y  d i r e c t e d  t o w a r d s  
t e t r a c y c l i n e  b i o s y n t h e s i s .
H o w e v e r , a u t o r a d i o g r a p h i c  e v i d e n c e  f o r  t h e  u t i l i s a t i o n  
[ U - ^ C  j g l u c o s e  by g r o w i n g  c u l t u r e s  o f  S .  r i m o s u s  ( 1 7 1 0 1 )
Scheme 25 F o r ma ti on of gl utamate  (9) from[l- C j p r opiona te
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Scheme 26 A l t e r n a t i v e  m e c h a n i s m s  f o r  a s p a r t a t e  f o r m a t i o n
•CO,H
I
Cl-L
I
C — O
•COoH
amino acid cc-ketoacid
Transaminase
• c o 2h
I
c h 9
I
H — C— NH2
c o 2h
(10)
!C 00H
(18)
A s p a r t a t e
ADP PP
Aspartate ammonia 
lyase
H02C' H
(15)
w o u l d  t e n d  t o  c o n f l i c t  w i t h  t h e s e  o b s e r v a t i o n s  ( F i g  3 * 8 ) .  
I t  was  e v i d e n t  f rom t h e s e  r e s u l t s  t h a t  g l u c o s e  o x i d a t i o n  
a l m o s t  c e r t a i n l y  p r o v i d e d  a c e t y l  CoA f o r  p a r t i c i p a t i o n  i n  
t h e  c i t r a t e  c y c l e ,  b e c a u s e  o f  t h e  a p p a r e n t  a c c u m u l a t i o n  
o f  g l u t a m a t e  and a s p a r t a t e .  T h e s e  m e t a b o l i t e s  a p p e a r e d  
t o  i n c r e a s e  i n d e p e n d e n t l y  o f  OTC f o r m a t i o n  d u r i n g  t h e  
c o u r s e  o f  t h e  f e r m e n t a t i o n ,  i l l u s t r a t i n g  t h e  v a l u e  o f  t h e  
a u t o r a d i o g r a p h i c  t e c h n i q u e  i n  m o n i t o r i n g  t h e  e v e n t s  i n  a 
f e r m e n t a t i o n  p r o c e s s .
3 * 2 . 7  U t i l i s a t i o n  o f  ~^C b i c a r b o n a t e
G a t e n b e c k  o r i g i n a l l y  p o s t u l a t e d  t h e  d e r i v a t i o n  o f
70t h e  c a r b o x a m i d e  s u b s t i t u e n t  o f  t e t r a c y c l i n e s  f ro m CO^
F i g  3*9  i l l u s t r a t e s  an a u t o r a d i o g r a m  o b t a i n e d  f o l l o w i n g
i n c u b a t i o n  o f  m y c e l i u m  ( 7 2  h r )  f r om S* a v e l l e n e u s  w i t h  
14 C b i c a r b o n a t e .  U t i l i s a t i o n  o f  a c e t a t e  i s  shown by  
c o m p a r i s o n .  I t  i s  c l e a r  t h a t  t h e  a b i l i t y  t o  m e t a b o l i s e  
an e x o g e n o u s  s o u r c e  o f  CO^  p r o c e e d s  a t  a s u b s t a n t i a l l y  
s l o w e r  r a t e  t h a n  f o r  a c e t a t e .  Ho w e v e r ,  a f t e r  4 h r  o f  
i n c u b a t i o n  l a b e l l i n g  o f  t e t r a c y c l i n e  was  a p p a r e n t ,  a l o n g  
w i t h  z o n e s  c o r r e s p o n d i n g  t o  g l u t a m a t e  and a s p a r t a t e .
A l t h o u g h  t h e  me c h an i s m f o r  m a l o n y l  CoA f o r m a t i o n
r e q u i r e s  t h e  c a r b o x y l a t i o n  o f  a c e t y l  CoA, t h e  s i t e  o f
e v o l u t i o n  o f  COg f o r  s uc h  a r e a c t i o n  i s  p r o b a b l y  r a t e
l i m i t i n g ,  and c o u l d  a c c o u n t  f o r  t h e  r e l a t i v e l y  i n e f f i c i e n t .
14u t i l i s a t i o n  o f  t h e  e x o g e n o u s  s u p p l y  o f  CO^  f ro m  
b i  c a r b o n a t e .
The f o r m a t i o n  o f  t h e  o b s e r v e d  amino a c i d s
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A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  [ U - 14Cf] 
g l u c o s e ,  s u p p l e m e n t i n g  a n o r m a l  f e r m e n t a t i o n  o f  
S . r i m o s u s  ( 1 7 1 0 1 ) .  A c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
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F i g  3 * 9  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  
[ l - 14c] a c e t  a t  e a n d  [,4c ]  b i c a r b o n a t  e  b y  w a s h e d  
m y c e l i u m  ( 7 2  h r )  f r o m  S . a v e l l e n e u s . A c i d i f i e d  
a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
1 4c o n s i s t e n t  w i t h  t h e  f i x a t i o n  o f  COg v i a  t h e  c a r b o x y l a t 1 on
o f  p y r u v a t e  (l_9) t o  g e n e r a t e  o x a l o a c e t a t e  ( 1 0 ) .  T h i s
, 1 4  ir o u t e  i s  s u p p o r t e d  by t h e  r e p o r t e d  f o r m a t i o n  o f  L-{ -  GJ
iZj. 1 1 9
g l u t a m a t e  f r om • COg i n  p r o d u c i n g  m i c r o o r g a n i s m s  ,
( S c h e me  2 7 ) .  D i r e c t  a m i n a t i o n  o f  ( 1 0 )  p r o d u c e d  i n  t h e  
c i t r a t e  c y c l e  wo ul d  a c c o u n t  f o r  t h e  f o r m a t i o n  o f  a s p a r t a t e .
3 . 2 . 8  U t i l i s a t i o n  o f  .L-f^C ] m e t h i  o n i n e  and L - f ^ S  J me t h i  o n i n e
I t  h a s  b e e n  s u g g e s t e d  t h a t  L - m e t h i o n i n e  can  d o n a t e
i t s  m e t h y l  g r o u p  ( v i a  S - a d e n o s y l  m e t h i o n i n e )  f o r  t h e
i n t r o d u c t i o n  o f  t h e  u n i t s  a t  t h e  a p p r o p r i a t e  s i t e s
71  7 5o f  t h e  t e r a c e n e  n u c l e u s  • However  u n d e r  t h e  c o n d i t i o n s
o f  t h e  w a s h e d  c e l l  s y s t e m ,  l i t t l e  u t i l i s a t i o n  o f  
_1 4 ,
L-{ M e j m e t h i o n i n e , and c o n s e q u e n t l y  p o o r  i n c o r p o r a t i o n  
i n t o  t e t r a c y c l i n e s  was  o b s e r v e d .  Hi gh  l e v e l s  o f  u n c h a n g e d  
m e t h i o n i n e  w e r e  a l w a y s  p r e s e n t  i n  t h e  m e t a b o l i s m  s o l u t i o n s  
o f  t e s t  o r g a n i s m s .
r 14L - [ ' l -  C J m e t h i o n i n e  p r o v e d  t o  b e  more e f f i c i e n t l y  
rl 4
u t i l i s e d  t h a n  L-{ Me Jmethi  o n i n e , w i t h  i n c o r p o r a t i o n  
i n t o  a number o f  m e t a b o l i t e s  i n c l u d i n g  g l u t a m a t e  ( F i g  3 * 1 0 ) .  
T h i s  a u t o r a d i o g r a m  s ho ws  t h e  c o m p a r a t i v e  m e t a b o l i s m  o f  
t h i s  p r e c u r s o r  by 48  h r  m e t a b o l i s m  f r om S.  p l a t e n s i s  (OTC) 
and S.  p s a m m o t i c u s  ( T C ) . L a b e l l i n g  i n  t h e  t e t r a c y c l i n e  
r e g i o n  was  l o w  c ompared  t o  t h a t  o b s e r v e d  f o r  g l u t a m a t e .  
C a t a b o l i s m  o f  m e t h i o n i n e  (2_0). w o u l d  r e s u l t  i n  t h e  e v o l u t i o n  
o f  COg v i a  o x i d a t i v e  d e c a r b o x y l a t i o n  o f  < K - k e t o b u t y r a t e  ( 2 1 )  . 
T h i s  m e t a b o l i c a l l y  d e r i v e d  00^ c o u l d  t h e n  b e  c h an n e l l e d  
by t h e  r o u t e  d e p i c t e d  e a r l i e r  f o r  b i c a r b o n a t e  u t i l i s a t i o n  
( c f  Scheme 2 7 ) .
F i g  3 * 1 1  i l l u s t r a t e s  an a u t o r a d i o g r a m  o b t a i n e d  
f rom S .  c a p u e n s i s  ( 4 8  h r ) ,  a f t e r  i n c u b a t i o n  w i t h [ l - ^ c )
c = o
c o 2h
(19)
Biotin +  
carboxylase
y  ^  Aspartase ^  9
c o 2h
( 10)
via
Citric acid 
cycle
c o 2h
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? o 2h c o 2h
9 h 2 c h 2
I u  Transamination p u
c h 2 ---------------------------- v m2
I I
c = 0  H— C-----NH2
*c o 2h *c o 2h
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Scheme 27  F i x a t i o n  o f  i n t o  g l u t a m i c  a c i d  ( 9 )
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F i g  3 - 1 0  A u t o r a d i o g r a m  i l l u s t r a t i n g  c o m p a r a t i v e  u t i l i s a t i o n  
o f  L -  £ l -  14CJ m e t h i o n i n e  b y  w a s h e d  m y c e l i u m  ( 4 8  h r )  
f r o m  S .  p l a t e n s i s  ( p i ) ,  a n d  S .  p s a m m o t i c u s  ( P s ) .  
I n c u b a t i o n  t i m e  1 2 0  m i n s .
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F i g  3 * 1 1  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  v a r i o u s
p r e c u r s o r s  b y  w a s h e d  m y c e l i u m  ( 4 8  h r ) ,  f r o m
S .  c a p u e n s i s .  I n c u b a t i o n  t i m e  1 2 0  m i n s ,  a c i d i f i e d
a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
a c e t a t  e ,  [ 2 - ' L~r C ] m a l o n a t e  , L-P^S ] m e t h i o n i n e  and L - [ l - 1Z^ cj- 
m e t h i  o n i n e . The m e t a b o l i t e s  d e s i g n a t e d  S-  ^ and S2 a r e  
commonly d e r i v e d  f r om a c e t a t e  and b o t h  s o u r c e s  o f  m e t h i o n i n e .
M e t h i o n i n e  c a t a b o l i s m  ( c f  Scheme 2 8 )  i n i t i a l l y  
r e s u l t s  i n  a l o s s  o f  t h e  m e t h y l  g r o u p ,  f o r m i n g  S - a d e n o s y l  
h o m o c y s t e i n e .  S u l p h u r  l o s s  o c c u r s  d u r i n g  t h e  c l e a v a g e  
o f  c y s t a t h i o n e  (2_2) t o  c y s t e i n e  and h o m o s e r i n e  ( 2 3 ) .  L o s s  
o f  t h e  c a r b o x y l  m o i e t y  o c c u r s  f rom t h e  d e c a r b o x y l a t i o n  o f  
< X - k e t o b u t y r a t e  ( y ) .  I t  i s  t h e r e f o r e  l i k e l y  t h a t  f o r m a t i o n  
o f  m e t a b o l i t e s  S^ an(l S2 d o e s  n o t  i n v o l v e  e x t e n s i v e  
d e g r a d a t i o n  o f  t h e  m e t h i o n i n e  s k e l e t o n .  S u b s e q u e n t l y  t h e s e
m e t a b o l i t e s  w e r e  o b s e r v e d  i n  S .  a u r e o f a c i e n s  ( 4 8  h r ) ,  a l s o  
l a b e l l e d  f r om l 4 iZ ^ M e ] m e t h i o n i n e  ( F i g  3 * 1 2 ) ,  t e n d i n g  t o  
s u p p o r t  t h i s  v i e w .
Ho w e v e r ,  m e t a b o l i t e s  C-^  and Gg o n l y  d e r i v e d  f ro m
14 14L - [ l -  C J m e t h i o n i n e ,  showed some u t i l i s a t i o n  o f  COg
a r i s i n g  f rom d e c a r b o x y l a t i o n  o f  t h e  p r e c u r s o r .
3 . 3 G e r u l e n i n  i n h i b i t i o n  s t u d i e s
G e r u l e n i n  (2_4) ex  C e p h a l o s p o r i u m  c a e r u l e n s ,  h a s
b e e n  r e p o r t e d  t o  b e  a p o t e n t  i n h i b i t o r  o f  f a t t y  a c i d  
120b i o s y n t h e s i s  . I t s  mode o f  a c t i o n  h a s  b e e n  d e t e r m i n e d  
t o  p r o c e e d  v i a  t h e  i n h i b i t i o n  o f  t h e  c o n d e n s a t i o n  s t e p  
b e t w e e n  a c e t y l  CoA and m a l o n y l  CoA ( c f  Scheme 2 ) ,  t h r o u g h  
b i n d i n g  t o  t h e  Q - k e t o a c y l  s y n t h as e , :  e n z y m e .
Omura e t  a l  h a v e  s u b s e q u e n t l y  r e p o r t e d  t h e  i n h i b i t i o n
-1 121o f  m a c r o l i d e  b i o s y n t h e s i s  w i t h  c e r u l e n i n  ( ca  20 yug ml" )
F i g  3 . 1 3  shows  t h e  e f f e c t  o f  c e r u l e n i n  on t h e  u t i l i s a t i o n
r 14 • . 14
o f [ 1 -  C j a c e t a t e  a n d [ 2 -  G J m a l o n a t e  by S .  c a p u e n s i s  ( 4 8  h r ) .
The m y c e l i u m  was i n c u b a t e d  w i t h  t h e  i n h i b i t o r  f o r
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F i g  3 * 1 2  A u t o r a d i o g r a m  i l l u s t r a t i n g  m e t h i o n i n e  u t i l i s a t i o n  
b y  w a s h e d  m y c e l i u m  ( 4 8  h r ) ,  f r o m  S .  a u r e o f a c i e n s . 
I n c u b a t i o n  t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
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. 1 3  A u t o r a d i o g r a m  i l l u s t r a t i n g  e f f e c t  o f  c e r u l e n i n
on  u t i l i s a t i o n  o f  a c e t a t e ,  a n d  [2 -  Uc] m a l o n a t e
b y  w a s h e d  m y c e l i u m  ( 4 8  h r ) ,  f r o m  S .  c a p u e n s i s .  
I n c u b a t i o n  t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
60 m i n u t e s  p r i o r  t o  t h e  a d d i t i o n  o f  t h e  p r e c u r s o r s .  I t  was  
a p p a r e n t  f r om t h e  a u t o r a d i o g r a p h i c  e v i d e n c e  t h a t  OTG and  
f a t t y  a c i d  b i o s y n t h e s i s  f  rom[ l - l i+C J a c e t a t e  w e r e  n o t  
c o m p l e t e l y  i n h i b i t e d .  A p r o g r e s s i v e  r e d u c t i o n  i n  i n t e n s i t y  
o f  t h e s e  m e t a b o l i t e s  was  o b s e r v e d  w i t h  2 0 , 5 0 ,  and lOOyug m l " 1 
c e r u l e n i n .  At 100 yug m l " 1 c e r u l e n i n , [ 2 - 1 ^G J m a l o n a t e  
u t i l i s a t i o n  was  m a r k e d l y  l e s s  t h a n  t h e  c o n t r o l .
The s o l u b i l i t y  o f  t h e  i n h i b i t o r  i n  a q u e o u s  s o l u t i o n s  
was  r e l a t i v e l y  p o o r .  I t  was  o b s e r v e d  t h a t  c o m p l e t e  s o l u t i o n s  
a t  c o n c e n t r a t i o n s  o f  lmg ml 1 o c c u r r e d  o n l y  a f t e r  v i g o r o u s  
a g i t a t i o n  o f  t h e  s u s p e n s i o n  ( c a  25  m i n u t e s ) .  T h i s  
b e h a v i o u r  c o u l d  h a v e  b e e n  a c o n s e q u e n c e  o f  o p e n i n g  o f  t h e  
e p o x i d e  r i n g  ( c f  s t r u c t u r e  2 4 ) ,  t h u s  g e n e r a t i n g  a more  
s o l u b l e  o<. g l y  c o l . T h i s  m i g h t  a l s o  a c c o u n t  f o r  t h e  r e d u c e d  
p o t e n c y  o f  t h e  i n h i b i t o r  o b s e r v e d .
CHAPTER FOUR
APPLICATION OF AUTORADIOGRAPHY TO NON—T ETRACY CLINE 
PRODUCING STREPTOMYCETES
4  . 1  I n t r o d u c t i o n
A s t u d y  o f  t e t r a c y c l i n e  p r o d u c i n g  s t r e p t o m y c e t e s  
by a u t o r a d i o g r a p h y  was  d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r .
The e x p e r i m e n t a l  programme was  e x t e n d e d  t o  i n c l u d e  n o n ­
t e t r a c y c l i n e  p r o d u c i n g  o r g a n i s m s ,  i n  a s e a r c h  f o r  common 
m e t a b o l i t e s ,  p a r t i c u l a r l y  f r om p o l y k e t i d e  p r e c u r s o r s .  
C o n d i t i o n s  o f  s e c o n d a r y  m e t a b o l i t e  f o r m a t i o n  w e r e  n o t  
o p t i m i s e d ,  s i n c e  t h e  o b j e c t i v e  was  one  o f  t a x o n o m i c  
c o m p a r i s o n ,  and n o t  t o  s e l e c t i v e l y  m o n i t o r  a n t i b i o t i c  
p r o d u c t i o n .
A c c o r d i n g l y ,  t h e  BAW c h r o m a t o g r a p h y  s y s t e m  was  
e x c l u s i v e l y  u s e d  t o  s e p a r a t e  m e t a b o l i t e s .  Among t h e  
o r g a n i s m s  s t u d i e d  w e r e  o t h e r  p o l y k e t i d e  p r o d u c e r s ,  and  
t h r e e  b e t a - l a c t a m  e l a b o r a t i n g  s t r a i n s .  The s i g n i f i c a n t  
f i n d i n g s  a r e  o u t l i n e d  i n  t h e  f o l l o w i n g  summary.
G l u t a m a t e  was  o b s e r v e d  a s  a m a j or  m e t a b o l i t e  i n  
t h o s e  o r g a n i s m s  f o r m i n g  p o l y k e t i d e  s e c o n d a r y  m e t a b o l i t e s .  
B e t a - l a c t a m  p r o d u c i n g  o r g a n i s m s  d i d  n o t  a c c u m u l a t e  t h i s  
amino  a c i d  a t  d e t e c t a b l e  l e v e l s ,  and showed  p o o r  a f f i n i t y  
f o r  [ l - 1^ C j a c e t a t e  a s  a s u b s t r a t e ,  u n d e r  t h e  c o n d i t i o n s  o f
3 3t h e  washed  c e l l  s y s t e m .  C o m p a r a t i v e  u t i l i s a t i o n  o f  L- [  S ] -
m e t h i o n i n e  s u g g e s t e d  a c l o s e  t a x o n o m i c  r e l a t i o n s h i p  a m o n g s t  
t h e  b e t a - l a c t a m  p r o d u c i n g  s t r a i n s  s t u d i e d .
4 . 2  . R e s u l t s  and d i s c u s s i o n
4 . 2 . 1  . C o m p a r a t i v e  a u t o r a d i o g r a p h y  o f  o t h e r  t e t r a c e n e
p r o d u c i n g  s t r e p t o m y c e t e s
Endemic  t o  S.  g l a u c e s c e n s  i s  i t s  a b i l i t y  t o  grow a t  
e l e v a t e d  t e m p e r a t u r e s  ( 3 7 ° C ) .  The w i l d - t y p e  o r g a n i s m  
h a s  b e e n  r e p o r t e d  t o  p r o d u c e  a t e t r a c y c l i c  a n t i b i o t i c ,
OH
OH
•OMeMeO.
OH
Me O MeOH
(2 5 )
T e t r a c e n o m y c i n  C
CHCH
CHCH
CHoCH
CH CH
(2?)
D i n a c t  i n
1 2 2t e t r a c e n o m y c i n  C ( 2 5 )  . T h i s  compound i s  n o t  a t r u e
t e t r a c y c l i n e ,  b u t  a p p e a r s  t o  b e  b i o s y n t h e t i c a l l y  r e l a t e d  
t o  t h i s  g r o u p  o f  m e t a b o l i t e s  and t o  t h e  t e t r a c e n e  a n t i ­
t u mo ur  a g e n t s ,  t h e  a n t h r a c y c l i n e s .
My ce l i u m  ( 2 4  h r ) ,  grown a t  28 and 37 C, showed
14d i f f e r i n g  a b i l i t y  t o  m e t a b o l i s e  p o t e n t i a l  G p r e c u r s o r s .
F i g  4 . 1  i l l u s t r a t e s  an a u t o r a d i o g r a m  o b t a i n e d  f o l l o w i n g
r 14 , 14i n c u b a t i o n  w i t h [ l -  C J a c e t a t e ,  L-[  M e J m e t h i o n i n e , and
[ l - ^ C  ] pr  o p i  o n a t  e . C o n s i d e r a b l e  l a b e l l i n g ,  p a r t i c u l a r l y  i n
t h e  h i g h  r e g i o n ,  was  a p p a r e n t  i n  t h e  m e t a b o l i s m  s o l u t i o n s
o f  t h e  o r g a n i s m  grown a t  37°  C. I n  c o n t r a s t ,  c o r r e s p o n d i n g
O
m e t a b o l i t e s  i n  e x t r a c t s  o f  t h e  o r g a n i s m  grown a t  28  C 
w e r e  c o n s p i c u o u s l y  a b s e n t .  A l t h o u g h  u n c h a n g e d  m e t h i o n i n e  
was  o b s e r v e d ,  S.  g l a u c e s c e n s  was  n e v e r t h e l e s s  c a p a b l e  o f  
u t i l i s i n g  t h i s  s u b s t r a t e  t o  a, g r e a t e r  e x t e n t  t h a n  had b e e n  
n o t i c e d  i n  t e t r a c y c l i n e  p r o d u c i n g  s t r a i n s .
G l u t a m a t e  was  a l s o  a c c u m u l a t e d  by t h i s  s t r e p t o m y c e t e , 
p a r t i c u l a r l y  e v i d e n t  i n  m y c e l i u m  ( 4 8  h r )  i n c u b a t e d  i n  t h e
p r e s e n c e  o f  [ 1 - ^  ] ac  e t  a t  e , [ U - ^  G J g l u c o s e  , and [ l - ^ C  J p r o p i o n a t  e
( F i g  4 . 2 )  T h i s  a u t o r a d i o g r a m  de mons t r a t e d  a r e d u c t i o n  i n
i n t e n s i t y  o f  t h e  h i g h  R^ , m e t a b o l i t e s  w h i c h  had b e e n  
o b s e r v e d  a t  24 h r  ( 3 7  C ) , c f  F i g  4 . 1 .  No e v i d e n c e  o f
any a n t i b i o t i c  f o r m a t i o n  was  d e t e c t e d  a t  e i t h e r  g r o w t h
t e m p e r a t u r e  i n  t h i s  s t r a i n .
An a n t h r a c y c l i n e  p r o d u c i n g  o r g a n i s m ,  d e s i g n a t e d  
FM 5 3 9 0 ,  was  shown t o  e l a b o r a t e  c h r o m , a t o g r a p h i c a l l y  
d e t e c t a b l e  q u a n t i t i e s  o f  i t s  r e d  p r o d u c t  (R^ 0 . 9 ) .  F i g  4 . 3  
p r e s e n t s  some a u t o r a d i o g r a p h i c  e v i d e n c e  f o r  i t s  d e r i v a t i o n  
f rom a c e t a t e ,  p r o p i o n a t e ,  and m e t h i o n i n e .  The r e d  compound  
was c l e a r l y  a m i n o r  l a b e l l e d  m e t a b o l i t e ,  b u t  d e s p i t e  t h e
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1 A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  v a r i o u s  
[14cJ p r e c u r s o r s  b y  w a s h e d  m y c e l i u m  ( 2 4  h r ) ,  f r o m  
S . g l a u c e s c e n s  g r o w n  a t  2 8  C a n d  3 7  C.  I n c u b a t i o n  
t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r  o m a t  o g r a p h  e d .
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F i g  4 . 2  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  v a r i o u s  
[ ,4cJ p r e c u r s o r  s  b y  w a s h e d  m y c e l i u m  ( 4 8  h r ) ,  f r o m  
S . g l a u c e s c  e n s  g r o w n  a t  2 8  C a n d  3 7  C.  I n c u b a t i o n  
t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
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F i g  4 . 3  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  p o t e n t i a l  
a n t h r a c y c l i n e  p r e c u r s o r s  by  w a s h e d  m y c e l i u m  ( 4 8  h r ,  
a n d  1 2 0  h r  ) ,  f r o m  s t r e p t o m y c e t e  FM 5 3 9 0 *  I n c u b a t i o n  
t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
l a c k  o f  a b s o l u t e  k n o w l e d g e  o f  i t s  c h e m i c a l  s t r u c t u r e ,  
a u t o r a d i o g r a p h y  p r o v i d e d  u s e f u l  c l u e s  t o  i t s  b i o g e n e t i c  
o r i g i n .  A l t h o u g h  a n t h r a c y c l i n e s  a r e  r e l a t e d  t o  
t e t r a c y c l i n e s ,  t h e  b i o s y n t h e s i s  o f  t h e  a g l y c o n e  o f  
t h e s e  m e t a b o l i t e s  may d i f f e r  f u n d a m e n t a l l y  i n  r e q u i r i n g  
a p r o p i o n a t e  p r i m e r  u n i t  ( c f  Scheme 1 1 ) .  P r o p i o n a t e  
was  shown t o  l a b e l  t h e  red,  p r o d u c t  f rom FM 5 3 9 0  ( F i g  4 . 3 )  » 
a s  d i d  a c e t a t e .  A p o t e n t i a l l y  c l o s e  t a x o n o m f c  r e l a t i o n s h i p  
may e x i s t  b e t w e e n  t h e  a n t h r a c y c l i n e s  and t h e  t e t r a c y c l i n e s  
t h r o u g h  a l t e r n a t i v e  c y c l i s a t i o n s  o f  a h y p o t h e t i c a l  
common i n t e r m e d i a t e  ( c f  Scheme 32 p a g e  1 4 2 ) .
I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  p r o p i o n a t e  u t i l i s a t i o n  
i n  b o t h  FM 5 3 90  and S.  g l a u c e s c e n s  r e s u l t e d  i n  t h e  
a c c u m u l a t i o n  o f  a p r o d u c t  (M- )^ w i t h  t h e  same c h r o m a t o g r a p h i c  
p r o p e r t i e s  a s  m e t h i o n i n e .  Ho we v e r ,  t h i s  m e t a b o l i t e  was  
n o t  a c e t a t e - d e r i v e d  i n  e i t h e r  o r g a n i s m ,  s u g g e s t i n g  i t  t o  
be  an e x c l u s i v e  p r o d u c t  o f  p r o p i o n a t e  m e t a b o l i s m  and  
t h e r e f o r e  p r o b a b l y  n o t  m e t h i o n i n e .
4 . 2 . 2  A u t o r a d i o g r a p h y  o f  an a v e r m e c t i n  p r o d u c i n g  s t r e p t o m y c e t e
A v e r m e c t i n  ( 2 6 ) ,  ex  S.  a v e r m e c t i s , i s  a m a c r o l i d e  
12 3a n t h e l m i n t i c  a g e n t  , t h e  a g l y c o n e  o f  w h i c h  a p p e a r s  t o
d e r i v e  f r om e i g h t  a c e t a t e  and s i x  p r o p i o n a t e  u n i t s , ( Scheme  
1242 9 )  . Howe ve r ,  i s o l e u c i n e  may p o s s i b l y  be  i n v o l v e d  a s
a n o v e l  p r i m e r  u n i t  o f  c a r b o n s  2 8 - 2 4 .  F i g  4 . 4  i l l u s t r a t e s
an a u t o r a d i o g r a m  o b t a i n e d  a f t e r  i n c u b a t i o n  o f  w a s h e d
14m y c e l i u m  ( 4 8  h r )  w i t h  p o t e n t i a l  C - p r i m a r y  p r e c u r s o r s  o f  
t h e  m e t a b o l i t e .  A v e r m e c t i n  was  v i s u a l i s e d  a s  a c o l o u r e d  
s p o t  (Rf  0 . 9 )  a f t e r  t r e a t m e n t  o f  t h e  c h r o m a t o g r a m  w i t h
cyclisation
mF i g  4  .
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4  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  p o t e n t i a l  
p r e c u r s o r s  o f  a v e r m e c t i n ,  b y  w a s h e d  m y c e l i u m  ( 4 8  h r )  
f r o m  S .  a v e r m e c t i s .  I n c u b a t i o n  t i m e  1 2 0  h r s ,
a c i d i f i e d  a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
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F i g  ^ . 5  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  p o t e n t i a l  
p r e c u r s o r s  o f  a v e r m e c t i n ,  b y  w a s h e d  m y c e l i u m  ( I 2 0 h r )  
f r o m  S . a v e r m e c t i s . I n c u b a t i o n  t i m e  1 2 0  m i n s ,  
a c i d i f i e d  a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
/ r 1 4  1v a n i l l i n  /  s u l p h u r i c  a c i d .  I n c o r p o r a t i o n  o f  L - [ U -  CJ-
r 1 4i s o l e u c i n e  was  a c h i e v e d ,  a s  w e l l  a s  f r o m [ l ~  C j a c e t a t e ,
[U- C j g l u c o s e ,  and L- [  ^ M e ]  m e t h i o n i n e  . D e f i n i t i v e  l a b e l l i n g  
o f  a v e r m e c t i n  f r om p r o p i o n a t e  was  masked  by a c o i n c i d e n t a l l y  
s i m i l a r  o f  t h e  t wo  c o m p ou n d s .  With' m y c e l i u m  f ro m a 
120  hr  f e r m e n t a t i o n ,  m e t h i o n i n e  i n c o r p o r a t i o n  i n t o  t h e  
m a c r o l i d e ,  was more i n  e v i d e n c e ,  F i g  4 . 5 «  B o t h  a u t o r a d i o g r a m s  
o b t a i n e d  f rom S.  a v e r m e c t i s , i l l u s t r a t e d  t h e  i n c o r p o r a t i o n  
o f  [ l - lJ ]ac e t a t  e , I u - lZ|' c ] g  l u c o s e  and r o p i o n a t e  i n t o
a m e t a b o l i t e  w i t h  t h e  same R a s  i s o l e u c i n e  ( 2 7 ) .  F o r m a t i o n  
o f  (2_7) p r o c e e d s  v i a  t h e  c o n d e n s a t i o n  o f  a C^  f r a g m e n t ,  ex  
p y r u v a t e ,  w i t h  o C - k e t o b u t y r a t e  ( 2 1 )  d e r i v e d  f rom t h r e o n i n e  
(Sc he me  J O) .  T h i s  p r o . c e s s  c o u l d  c o n c e i v a b l y  a c c o u n t  f o r  
t h e  l a b e l l i n g  o f  i s o l e u c i n e  ( 2 7 ) o b s e r v e d .
A m a j o r  a c e t a t e - d e r i v e d  m e t a b o l i t e  a p p e a r e d  t o  b e
14
g l u t a m a t e ,  h o w e v e r ,  L- [  M e J m e t h i o n i n e  a l s o  l a b e l l e d  a 
c ompone nt  w i t h  t h e  same R^ (G-^) . I f  t h i s  i n d i v i d u a l  
m e t a . b o l i . t e  w e r e  g l u t a m a t e ,  i t  w o u l d  r e q u i r e  an uncommon 
t r a n s f e r  o f  t h e  m e t h y l  g r oup  t o  an a v a i l a b l e  n u c l e o p h i l i c  
s p e c i e s ,  eg a c e t y l  CoA or m a l o n y l  CoA, w h i c h  w o u l d  t h e n  
g e n e r a t e  p r o p i o n y l  CoA. T h i s  m o i e t y  c o u l d  t h e n  a c c o u n t  
f o r  t h e  g l u t a m a t e  l a b e l l i n g  o b s e r v e d  ( c f  Scheme 2 5 ) .
Some e v i d e n c e  o f  i s o l e u c i n e  d e g r a d a t i o n  t o  a c e t a t e  
and p r o p i o n a t e  was  a p p a r e n t  i n  t h i s  o r g a n i s m ,  t h r o u g h  t h e  
a p p e a r a n c e  o f  g l u t a m a t e  i n  t h e  m e t a b o l i s m  s o l u t i o n .
^ - . 2 . 3  A u t o r a d i o g r a p h y  o f  a d i n a c t i n  p r o d u c i n g  s t r e p t o m y  c e t  e
D i n a c t i n  ( 2 8 )  was  p r o d u c e d  by a s t r e p t o m y c e t e  
d e s i g n a t e d  32861 . F i g  4 . 6  i l l u s t r a t e s  an a u t o r a d i o g r a m
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Scheme 30 B i o s y n t h e s i s  o f  i s o l e u c i n e  (2_7)
o b t a i n e d  f rom w a s h e d  m y c e l i u m  ( 1 2 0  h r ) ,  i n c u b a t e d  i n  t h e  
p r e s e n c e  o f  [ l - ^ C  J a c e t a t e  , ( l - 1 4 C]p r o p i o n a t e ,  and L - [ ^ ^ M e ] -
_ 14 i
m e t h i o n i n e  and L-[  U- C J i s o l e u c i n e . D i n a c t i n  was  d e t e c t e d  
a s  a b l u e  s p o t  a f t e r  s p r a y i n g  t h e  c h r o m a t o g r a m  w i t h  
v a n i l l i n  /  s u l p h u r i c  a c i d  (R ,^ 0 . 9 ) *  The r e s u l t s  i n d i c a t e d
12  5
t h a t  d i n a c t i n  was  d e r i v e d  f ro m b o t h  a c e t a t e  and p r o p i o n a t e  
I n c u b a t i o n  w i t h  i s o l e u c i n e  was  p e r f o r m e d  a s  a c o m p a r i s o n  
t o  t h e  m e t a b o l i s m  o f  t h i s  p r e c u r s o r  i n  S» a v e r m e c t i s . L i t t l e  
u n c h a n g e d  m a t e r i a l  was  a p p a r e n t ,  h o w e v e r  g l u t a m a t e  l a b e l l i n g  
was  v i s u a l l y  a s  i n t e n s e  a s  t h a t  o b s e r v e d  f ro m a c e t a t e ,  
s u g g e s t i n g  d e g r a d a t i o n  o f  t h e  amino a c i d  t o  a c e t a t e  and  
p r o p i o n a t e  was  e x t r e m e l y  e f f i c i e n t .  T h i s  w o u l d  a l s o  
a c c o u n t  f o r  t h e  a p p a r e n t  i s o l e u c i n e - d e r i v e d  d i n a c t i n .
The d e r i v a t i o n  o f  M-^  f rom p r o p i o n a t e  b u t  n o t  a c e t a t e  
was  a l s o  o b s e r v e d ,  c f  p a g e  1 1 3 .
4 . 2 . 4  A u t o r a d i o g r a p h y  o f  b e t a - l a c t a m  p r o d u c i n g
s t r e p t o m y c e t e s
T h r e e  b e t a - l a c t a m  p r o d u c i n g  s t r e p t o m y c e t e s  w e r e
i n v e s t i g a t e d  by a u t o r a d i o g r a p h y .  S* c a t t l e y a  was  r e p o r t e d
126t o  p r o d u c e  t h i e n a m y c i n  , b u t  p r o d u c t i o n  o f  t h i s  b e t a -  
l a c t a m  i n  t h e  o r g a n i s m  was b e l o w  t h e  l e v e l s  o f  d e t e c t i o n  
a v a i l a b l e .  However  i t s  a b i l i t y  t o  u t i l i s e  some ^ C - p r e c u r s o r s  
was i n v e s t i g a t e d  f o r  c o m p a r i s o n  w i t h  o t h e r  o r g a n i s m s .
F i g  4 . 7  i l l u s t r a t e s  an a u t o r a d i o g r a m  o b t a i n e d  a f t e r  
i n c u b a t i o n  o f  t h e  s t r  e p t  omy c e t  e ( 4 8  h r )  w i t h [  1 - ^ C  j a c e t a t e  
L - [ l - ^ C ]  v a l i n e  and L-[  ^ S ]  m e t h i  o n i n e  . I m m e d i a t e l y  
a p p a r e n t  was  a r e d u c t i o n  i n  i n t e n s i t y  o f  m e t a b o l i t e s  
d e r i v e d  from a c e t a t e ,  compared  w i t h  o t h e r  o r g a n i s m s .  
I n c o r p o r a t i o n  o f  v a l i n e  i n t o  m e t a b o l i t e s  r e s o l v a b l e  
i n  BAW was a l s o  p o o r .  U t i l i s a t i o n  o f  L - [ ^ s ] m e t h i o n i n e
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4 . 6  A u t o r a d i o g r a m  i l l u s t r a t i n g  u t i l i s a t i o n  o f  p o t e n t i a l  
p r e c u r s o r s  o f  d i n a c t i n ,  by  w a s h e d  m y c e l i u m ( l 2 0  h r )  
f r o m  S t r e p t o m y c e s  s p p  ( s t r a i n  3 2 8 6 1 ) .  I n c u b a t i o n  t i m e  
1 2 0  r a i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  c h r o m a t o g r a p h e d .
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7 A u t o r a d i o g r a m  i l l u s t r a t i n g  c o m p a r a t i v e  u t i l i s a t i o n  
o f  [ l -  Uc] a c  e t  a t  e , L -  | i j - ,4cJ v a l  i n  e , a n d  L - f s ]  m e t h i  o n i n e  
b y  w a s h e d  m y c e l i u m  ( 4 8  h r ) ,  f r o m  S .  c a t t l e y a . " 1 
I n c u b a t i o n  t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
m e t a b o l i t e s ,  i n c l u d i n g  s e v e r a l  commonly d e r i v e d ,  t h o u g h  
much l e s s  i n t e n s e ,  f rom a c e t a t e  and v a l i n e .
1 2 7S.  o l i v a c e u s , a r e p o r t e d  p r o d u c e r  o f  o l i v a n i c  a c i d s
3 5a l s o  p r e f e r e n t i a l l y  u t i l i s e d  L-[ S j m e t h i o n i n e  t o  a
g r e a t e r  e x t e n t  t h a n  a c e t a t e  and v a l i n e  ( F i g  4 . 8 ) .  S i m i l a r l y ,
m e t a b o l i s m  s o l u t i o n s  f rom S.  l i p m a n i i ,  r e p o r t e d  t o
1 2 $p r o d u c e  p e n i c i l l i n  N ' , i n d i c a t e d  a s i m i l a r  t r e n d  f o r  
t h e  u t i l i s a t i o n  o f  t h e s e  p r e c u r s o r s  ( F i g  4 . 9 ) *
Q u a l i t a t i v e l y  t h e s e  a u t o r a d i o g r a m s  w e r e  r e m a r k a b l y  
s i m i l a r ,  s u g g e s t i n g  a c l o s e  t a x o n o m i c  r e l a t i o n s h i p  b e t w e e n  
t h e  o r g a n i s m s ,  y e t  d i s t i n g u i s h i n g  them f r om p o l y k e t i d e  
p r o d u c i n g  s t r e p t o m y c e t e s ,  i n  t h e i r  p o o r  u t i l i s a t i o n  o f  
a c e t a t e ,  and c o n s e q u e n t l y  t h e i r  n o n - a c c u m u l a t i o n  o f  
g l u t a m a t e .  A l s o  c h a r a c t e r i s t i c  o f  t h e s e  o r g a n i s m s  was  a 
n a r r o w  t i m e  s pan  f o r  t h e  u t i l i s a t i o n  o f  p r e c u r s o r s .
C u l t u r e s  b e y o n d  48  hr  o f  f e r m e n t a t i o n  showed l i t t l e  
a f f i n i t y  f o r  r a d i o a c t i v e l y - l a b e l l e d  s u b s t r a t e s .
4 . 3  V a l i d i t y  o f  t h e  w a s h e d - c e l l  a u t o r a d i o g r a p h i c  
a p p r o a c h  t o  t h e  s t u d y  o f  de  n o v o  b i o s y n t h e s i s
The a u t o r a d i o g r a p h i c  s u r v e y  h a s  shown t h a t  t h e  
t e c h n i q u e  i s  a u s e f u l  m e t a b o l i c  p r o b e ,  w h i c h  can  be  
a p p l i e d  w i t h o u t  t h e  n e e d  t o  o p t i m i s e  c o n d i t i o n s  o f  g r o w t h  
e t c ,  t o  p r o v i d e  much i n f o r m a t i o n  a b o u t  any g i v e n  o r g a n i s m .  
Use  o f  d i f f e r e n t  p r e c u r s o r s  and t h e  s u b s e q u e n t  s e a r c h  
f o r  common m e t a b o l i t e s  g e n e r a t e s  a g r e a t  d e a l  o f  
q u a l i t a t i v e  i n f o r m a t i o n ,  w i t h o u t  t h e  n e e d  f o r  i s o l a t i o n  
and c h a r a c t e r i s a t i o n  o f  t h e  p r o d u c t s .
The p r o c e d u r e  a l s o  d i s t i n g u i s h e s  p o t e n t i a l l y  
i n t e r e s t i n g  compounds  r e q u i r i n g  f u r t h e r  i n v e s t i g a t i o n ,
F i g  4  .
MET
V / A - L l M t  f c c e - f
Va I S -  Met Acet
A u t o r a d i o g r a m  i l l u s t r a t i n g  c o m p a r a t i v e  u t i l i s a t i o n  
o f  [ l - ,4c] a c e  t a t  e , L- [ u - ,4c] v a l i n e  , a n d  L-[35s] m e t h i o n i n e  
t y  w a s h e d  m y c e l i u m  ( 4 8  h r  ) ,  f r o m  S .  o l i v a c e u s .  
I n c u b a t i o n  t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
SF
F i g  h .
MET
-  a * .
, 6 5-aa^-
Val S Met Acet
A u t o r a d i o g r a m  i l l u s t r a t i n g  c o m p a r a t i v e  u t i l i s a t i o n  
o f  j l - 14cJ a c e t  a t  e , L -  ftJ- 14cJ v a l i n e  , a n d  m e t h i o n i n e
b y  w a s h e d  m y c e l i u m  ( ^ 8  h r ) ,  f r o m  S .  l i p m a n i i .  
I n c u b a t i o n  t i m e  1 2 0  m i n s ,  a c i d i f i e d  a q u e o u s  e x t r a c t s  
c h r o m a t o g r a p h e d .
from c o m p o n e n t s  p r e s e n t  i n  t h e  medium.  The t e c h n i q u e  
d o e s  h a v e  i t s  l i m i t a t i o n s ,  p r i m a r i l y  s u c h  l o w  l e v e l  
f e e d i n g  s t u d i e s  u s i n g  w a sh ed  c e l l s ,  r e q u i r e  a r e l a t i v e l y  
h i g h  y i e l d i n g  s t r a i n  o f  t h e  o r g a n i s m ,  f o r  a d e f i n i t i v e  
s t u d y  o f  t h e  s e c o n d a r y  m e t a b o l i t e  b i o g e n e s i s .  S e c o n d l y ,  
w h o l e - c e l l  s t u d i e s  do n o t  a l w a y s  p r o v i d e  i n f o r m a t i o n  
a b o u t  t h e  p r o d u c t i o n  and t u r n o v e r  o f  a d v a n c e d  i n t e r m e d i a t e s  
o f  a b i o s y n t h e t i c  p a t h w a y ,  p a r t i c u l a r l y  i f  t h e y  a r e  
t r a n s f o r m e d  w i t h i n  t h e  c o n f i n e s  o f  a m u l t i - e n z y m e  c o m p l e x .
O b v i o u s l y  t h e  g e n e r a l  a u t o r a d i o g r a p h i c  t e c h n i q u e  
h a s  much t o  o f f e r ,  p a r t i c u l a r l y  i n  t h e  a r e a  o f  c e l l - f r e e  
s t u d i e s ,  u s i n g  c r u d e  and p u r i f i e d  enzyme p r e p a r a t i o n s .
The p r e s e n t  s t u d y  h a s  shown t h e  v a l u e  o f  t h e  t e c h n i q u e  i n  
d i s c e r n i n g  c o m p e t i t v e  r e a c t i o n s  f o r  a v a i l a b l e  s u b s t r a t e  
and h a s  g e n e r a t e d  a c o n s i d e r a b l e  amount  o f  d a t a  t o  
e n a b l e  s u b s e q u e n t  w o r k e r s  t o  i m p r o v e  t h e  t e c h n i q u e  and  
i t s  a p p l i c a t i o n  t o  t e t r a c y c l i n e  b i o s y n t h e s i s .
CHAPTER FIVE
ORIGINS OF THE TETRACENE NUCLEUS OF OXYTETR ACY CLIN E
5 .1 Introrluction
The p r e v i o u s  s e c t i o n s  o f  t h i s  t h e s i s  h a v e  d e s c r i b e d  
t h e  s t u d y  o f  v a r i o u s  s t r e p t o m y c e t e s  i n  s u b m e r g e d  f e r m e n t a t i o n ,  
and t h e  s u b s e q u e n t  d e v e l o p m e n t  o f  an autora .d i o g r a p h i c  
s y s t e m  f o r  t h e  i n v e s t i g a t i o n  o f  b i o s y n t h e t i c  e v e n t s ,  w i t h  
p a r t i c u l a r  e m p h a s i s  on t h e  u t i l i s a t i o n  o f  p r i m a r y  p r e c u r s o r s  
o f  i n d i v i d u a l  s e c o n d a r y  m e t a b o l i t e s .
I t  may be  r e c a l l e d  f rom t h e  g e n e r a l  i n t r o d u c t i o n  
( C h a p t e r  o n e ) ,  t h a t  t h e  b r i l l i a n t  work o f  MCCormi ck  e t  a l  
e s t a b l i s h e d  s u b s t a n t i a l  e v i d e n c e  f o r  t h e  t r a n s f o r m a t i o n  o f  
a d v a n c e d  i n t e r m e d i a t e s ,  l e a d i n g  t o  t h e  t e t r a c y c l i n e
rp o
a n t i b i o t i c s  . C o m p l e m e n ta ry  s t u d i e s  i n v o l v i n g  d e g r a d a t i o n
14o f  f e r m e n t a t i v e l y - p r o d u c e d  C t e t r a c y c l i n e s ,  h a v e  i m p l i e d  
a p o l y k e t i d e  r o u t e  f o r  t h e  f o r m a t i o n  o f  r i n g s  B , C and D,
O n  o
w h i l s t  t h e  o r i g i n  o f  r i n g  A r e m a i n e d  u n c l e a r  ' .
A c c o r d i n g l y ,  t h e  r e m a i n i n g  s e c t i o n s  o f  t h i s  c h a p t e r
f o c u s  on t h e  f o r m a t i o n  o f  t h e  t e t r a c e n e  n u c l e u s  i t s e l f ,
13t h r o u g h  t h e  a p p l i c a t i o n  o f  VC nmr s p e c t r o s c o p y .  The mai n
f i n d i n g s  a r e  o u t l i n e d  i n  t h e  f o l l o w i n g  b r i e f  summary.
L a b e l l i n g  s t u d i e s  w i t h [ l - ^ c ] -  and [ 1 ,  2 - ' L^ C2 ] a c e t a t  e h a v e
c o n f i r m e d  an e x c l u s i v e  p o l y k e t i d e  o r i g i n  f o r  t h e  t e t r a c e n e
n u c l e u s  o f  o x y t e t r a c y c l i n e , and d e m o n s t r a t e d  t h e  d i r e c t i o n  o f
f o l d i n g  o f  an h y p o t h e t i c a l  l i n e a r  p o l y k e t i d e  i n t e r m e d i a t e .
13I n c o r p o r a t i o n  o f  an i n t a c t  ( 1 , 2 , 3 -  C ^ ] m a l o n a t e  u n i t
a c c o u n t e d  f o r  t h e  d e r i v a t i o n  o f  t h e  c a r b o x a m i d e  s u b s t i t u e n t
and c a r b o n s  1 and 2 .  The a c e t a t e  o r i g i n s  o f  t h e  o x y g e n
s u b s t i t u e n t s  a t  c a r b o n s  1 , 3 » 1 0 » H  an(i  12 w e r e  d e m o n s t r a t e d
13  18f o l l o w i n g  i n c o r p o r a t i o n  o f  [ l -  G, o ] a c e t a t e  i n t o
o x y t e t r a c y c l i n e . R e t e n t i o n  o f  d e u t e r i u m  a t  c a r b o n s  7 and 9
was  i n f e r r e d  f rom t h e  (3 s h i f t s  on c a r b o n s  6a  and 8 ,  r e s u l t i n g
13f ro m i n c o r p o r a t i o n  o f [ l -  C, 2 - C D ^ j a c e t a t e  i n t o  o x y t e t r a c y c l i n e . 
H y d r o x y l a t i o n  a t  c a r b o n  5 i n  o x y t e t r a c y c l i n e  l e d  t o  
e l i m i n a t i o n  o f  d e u t e r i u m  f r o m t h i s  s i t e  i n  t h e  t e t r a c e n e  
n u c l e u s .
5 • 2  R e s u l t s  and d i s c u s s i o n
5 * 2 . 1  O p t i m i s a t i o n  o f  t h e  c o n d i t i o n s  o f  i n c o r p o r a t i o n  o f  
a c e t a t e  i n t o  o x y t e t r a c y c l i n e
r 1^ n /  \Low l e v e l  f e e d i n g  s t u d i e s  w i t h [ l -  C J a c e t a t e  ( 1 0  y u C i ) »
d i l u t e d  w i t h  u n l a b e l l e d  m a t e r i a l  ( 5^  mg ) ,  w e r e  u n d e r t a k e n  t o
13a s s e s s  t h e  f e a s i b i l i t y  o f  a y C nmr s t u d y  o f  QTC b i o s y n t h e s i s .  
A d d i t i o n s  o f  p r e c u r s o r  w e r e  made t o  f e r m e n t a t i o n  b r o t h s  o f  
S.  c a p u e n s i s  d u r i n g  t h e  e x p o n e n t i a l  p h a s e  o f  OTC p r o d u c t i o n .
The e f f i c i e n c y  o f  i n c o r p o r a t i o n  o f  t h e  p r e c u r s o r  was  
e s t i m a t e d  t h r o u g h  c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  b r o t h  
f i l t r a t  e s .
I t  was  f o u n d  t h a t  p u l s e  f e e d i n g ,  r a t h e r  t h a n  a s i n g l e  
a d d i t i o n  o f  a c e t a t e ,  l e d  t o  opt imum i n c o r p o r a t i o n  i n t o  t h e  
a n t i b i o t i c  ( T a b l e  5 » l ) «  The e f f i c i e n c y  o f  i n c o r p o r a t i o n  
was  f o u n d  t o  v a r y  ( 3 - 1 1 $ ) »  d e p e n d i n g  on t h e  t i m e  o f  a d d i t i o n  
o f  t h e  p r e c u r s o r  and t h e  a g e  o f  t h e  c u l t u r e  a t  h a r v e s t .  A
t 1^ -c o r r e s p o n d i n g  s e r i e s  o f  e x p e r i m e n t s  w i t h [ 2 -  C J m a l o n a t e ,  
i m p l i e d  h i g h e r  e f f i c i e n c i e s  o f  i n c o r p o r a t i o n  ( 8 - 23%)  » t h a n  
had b e e n  o b s e r v e d  f rom i n c o r p o r a t i o n  o f  a c e t a t e  i n t o  OTC.
A p r e l i m i n a r y  s e r i e s  o f  e x p e r i m e n t s  f o r  t h e  i n c o r p o r a t i o n
*1 q
o f [ l -  c ] a c e t a t e  i n t o  OTC w e r e  u n s u c c e s s f u l  t h r o u g h  o n e  
m a j o r  f l a w  i n  t h e  e x p e r i m e n t a l  a p p r o a c h ,  n a m e l y  t h e  u s e  
o f  p r e p a r a t i v e  p a p e r  c h r o m a t o g r a p h y  f o r  t h e  r e c o v e r y  o f  OTC.
I t  was  f o u n d  t h a t  t h i s  p r o c e d u r e  p r o v i d e d  t o o  c r u d e  a p r o d u c t ,
T a b l e  5*1  S e l e c t e d  d a t a  i l l u s t r a t i n g  t h e  o p t i m i s a t i o n  o f
r 14 ,
i n c o r p o r a t i o n  o f [ l -  C J a c e t a t e  i n t o  OTC
T i m e s  o f  a d d i t i o n  
o f  a c e t a t e  ( h r s )
C u l t u r e  a g e  a t  
h a r v e s t  ( h r s )
E f f i c i e n c y  o f  
i n c o r p o r a t i o n
ij.8 a ( s i n g l e ) 96 3 . 3 ^
4 8 a , 6 k * 96 2 . 2 6
0 ( s i n g l e ) 24 3 . 2 5
0 , 2 4 ,  48 54 6 . 7 6
4 8 , 6 4 ,  88 112 8 . 7
2 4 , 4 8 ,  72 96 1 1 . 7 2
T a b l e  5 * 2  S e l e c t i v e  d a t a  i l l u s t r a t i n g  t h e  o p t i m i s a t i o n  o f
r I k  ii n c o r p o r a t i o n  o f [ 2 -  C J m a l o n a t e  i n t o  OTC
T i m e s  o f  a d d i t i o n  C u l t u r e  a g e  a t  E f f i c i e n c y  o f
o f  m a l o h a t e  ( h r s )  h a r v e s t  ( h r s )  i n c o r p o r a t i o n  ( %)
2 4 ,  Jk  48  1 7 . 3 5
k 8 , 6 3 , 72 96 2 3 . 8 4
4 8 ,  7 2 , 96 120 1 4 . 7 5
0 , 2 4 ,  48  72 8 . 0 2
2 4 ,  4 8 ,  72 96 1 0 . 1 2
14a;  a d d i t i o n  o f  u n d i l u t e d  C p r e c u r s o r
14 / \n o t e :  C - p r e c u r s o r s  ( l O n C i )  we r e  d i l u t e d  w i t h  u n l a b e l l e d
m a t e r i a l  ( 5 4  mg) ,  and a dded  i n  e q u a l  a l i q u o t s  ( 3 x1 ml )  
a s  f i l t e r  s t e r i l i s e d  s o l u t i o n s .
1 3r e s u l t i n g  i n  a C nmr s p e c t r u m  i n  w h i c h  t h e  s i g n a l s  
a t t r i b u t a b l e  t o  OTC w e r e  l o s t  a m o n g s t  t h e  b a c k g r o u n d  n o i s e .
13R e - c h r o m a t o g r a p h y  o f  t h e  c r u d e  C-OTC d i d  n o t  l e a d
t o  i m p r o v e d  s p e c t r a l  a n a l y s i s ,  and t h e  me t h o d  was  a b a n d o n e d
i n  f a v o u r  o f  a s e l e c t i v e  c r y s t a l l i s a t i o n  p r o c e d u r e ,  s u i t a b l e
f o r  t h e  r e l a t i v e l y  l o w  l e v e l s  o f  a n t i b i o t i c  i n v o l v e d
( c a  100  mg).  An e f f e c t i v e  p r o t o c o l  f o r  t h e  r e c o v e r y  o f
c r y s t a l l i n e  0TC.HC1 was  s u b s e q u e n t l y  d e v e l o p e d  a f t e r  s e v e r a l
m o n t h s  o f  s u s t a i n e d  e f f o r t .  Ho w e v e r ,  a t  t h e  p o i n t  a t  w h i c h
t h i s  c o u l d  be  a p p l i e d ,  i t  was  f o u n d  t h a t  t h e  c a p a c i t y  f o r
OTC p r o d u c t i o n  i n  S.  c a p u e n s i s  had c o n s i d e r a b l y  d e t e r i o r a t e d ,
( p o s s i b l y  t h r o u g h  e x c e s s i v e  s u b - c u l t u r i n g ) ,  s u c h  t h a t
13f u r t h e r  e x p e r i m e n t a t i o n  i n v o l v i n g  C p r e c u r s o r s  was  f u t i l e .
S u b s e q u e n t l y ,  S .  r i m o s u s  ( P f i z e r  s t r a i n  1 7 1 0 1 ) ,  o f  g r e a t e r
p e r f o r m a n c e  and more c r u c i a l l y ,  g r e a t e r  r e p r o d u c i b i l i t y
13t h a n  S . c a p u e n s i  s was  u t i l i s e d  f o r  a l l  t h e  C nmr 
e x p e r i m e n t s  t o  be  p e r f o r m e d .
135 * 2 . 2  C nmr s p e c t r a l  a n a l y s i s  o f  p o l y k e t i d e  p r e c u r s o r s
13The p r o t o n  n o i s e  d e c o u p l e d  ( p . n . d . )  C nmr s p e c t r u m
( 2 2 . 6  MHz),  o b t a i n e d  f  rom[ 1 - "^C J a c e t a t  e ( 50  rag)» d i s p l a y e d
a s i n g l e  r e s o n a n c e  a t  & 177*6  ppm, c o r r e s p o n d i n g  t o  t h e
i s o t o p i c a l l y  e n r i c h e d  c a r b o n y l  s u b s t i t u e n t .  No s i g n a l
was a p p a r e n t  f o r  t h e  m e t h y l  g r o u p  ( n a t u r a l  a b u n d a n c e ) ,
b e c a u s e  o f  t h e  l o w  a c c u m u l a t i o n  t i m e  a l l o w e d  f o r  t h e  s a m p l e ,
F i g  5 * 1 .  A c o r r e s p o n d i n g  s p e c t r u m  o b t a i n e d  f r o m [ 1 , ~
a c e t a t e  ( F i g  5 * 2 ) ,  showed t h e  c h a r a c t e r i s t i c  s p l i t t i n g
p a t t e r n ,  a r i s i n g  f rom t h e  s p i n - s p i n  c o u p l i n g  o f  a d j a c e n t  
13
G n u c l e i ,  i . e .  t wo  p a i r s  o f  d o u b l e t s  b i s e c t e d  by r e l a t i v e l y  
m i n o r  s i g n a l s ,  c o r r e s p o n d i n g  t o  s i n g l y  l a b e l l e d  s p e c i e s  
( t h e r e . ; w a s  i n s u f f i c i e n t  a c c u m u l a t i o n  t i m e  f o r  t h e s e
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m i n o r  r e s o n a n c e s  t o  be  a t t r i b u t a b l e  t o  t h e  n a t u r a l
1 3a b u n d a n c e  s i g n a l s ) . The m u l t i p l e t  c o m p r i s i n g  t h e  C 
m e t h y l  g r o u p  was  c e n t r e d  a t  & 2 1 . 4  ppm, w h i l s t  t h e  c a r b o n y l  
m u l t i p l e t  c e n t r e d  a t  S i 7 7 . 6  ppm ( c f  F i g  5 * 2 ) .
13[ 1 , 2 -  ^ C g j M a l o n a t e  a l s o  g a v e  r i s e  t o  s p i n - s p i n  
c o u p l e d  s p l i t  r e s o n a n c e s  ( F i g  5 * 3 ) »  w i t h  t h e  m e t h y l e n e
m u l t i p l e t  c e n t r e d  a t  S 42  ppm and t h e  c a r b o n y l  a t  S 172  ppm
13  13C nmr s p e c t r a l  a n a l y s i s  o f [ l , 2 , 3 -  C ^ j m a l o n a t e  was
p e r f o r m e d  i n  D^O, and c o n s e q u e n t l y  r e s u l t e d  i n  a c o m p l e x
s p l i t t i n g  p a t t e r n  f o r  t h e  m e t h y l e n e  s i g n a l s ,  d ue  t o  e x c h a n g
o f  t h e  p r o t o n s  a t  t h i s  s u b s t i t u e n t  w i t h  d e u t e r i u m .
C o n s e q u e n t l y  t h e  p r o t o n  d e c o u p l e d  s p e c t r u m  s howe d  t h e
13  13c o m p l i c a t e d  p a t t e r n  o f  b o t h  -'C- C s p i n - . s p i n  c o u p l i n g ,
13  2and C- H s p i n - s p i n  c o u p l i n g  ( F i g  5 » ^ ) *  The d e u t e r i u m  
e x c h a n g e  c o u l d  a l s o  h a v e  m a n i f e s t e d  an i s o t o p e  s h i f t  on 
b o t h  t h e  c a r b o n y l  and m e t h y l e n e  r e s o n a n c e s ,  h o w e v e r  t h e  
nmr s p e c t r o m e t e r  w o u l d  n o t  h a v e  b e e n  s e n s i t i v e  e n ou gh  t o  
d e t e c t  t h i s  p h e n o m e n o n .
13  13W h e n [ l -  , 2 - CD  ^] a c e t a t e  was  e x a m i n e d  by C nmr,  i n
b o t h  DgO and H^O, no i s o t o p e  s h i f t s  w e r e  r e c o r d e d ,  w i t h
t h e  r e s o n a n c e  o f  t h e  c a r b o n y l  f u n c t i o n  a t  & 1 8 2 . 5  ppm,
c o n f i r m i n g  t h e  p r e v i o u s  s t a t e m e n t  o f  t h e  i n s e n s i t i v i t y  o f
t h e  nmr s p e c t r o m e t e r .  The s l i g h t  d o w n f i e l d  s h i f t  o f
13t h e  c a r b o n y l  s i g n a l  r e l a t i v e  t o  t h a t  o b s e r v e d  i n [ l -  0 3 -
a c e t a t e  i s  a t t r i b u t a b l e  t o  t h e  i n h e r e n t  e r r o r  i n  h a v i n g
an e x t e r n a l  s t a n d a r d  ( d i o x a n ) . No p r i o r  nmr a n a l y s i s
13  18was  p e r f o r m e d  on t h e  s a m p l e  o f [ l -  C , -  0 J a c e t a t e ,  t h r o u g h
l a c k  o f  e x p e n d a b l e  m a t e r i a l .
22-63 MHz pnd ,3C nmr spectrum
F i g  5 - 3
,3c o o h
l3C H 2
C O O H
F i g  5 • ^
p p m
1 7 2  0 2
5 - 2 . 3  Mo de  o f  i n c o r p o r a t i o n  o f [ l - ^ c ] -  a n d [ 1 ,  2 - -
129
a c e t a t e  i n t o  o x y t e t r a c y c l i n e
13A l i q u o t s  o f [ 1 — ^ C J a c e t a t e ,  ( t y p i c a l l y  30 mg ) i  w e r e
/ / \ p u l s e  f e d  t o  a f e r m e n t a t i v e  s t a g e  o f  S . r i m o s u s  ( 1 7 1 0 1 ) ,
grown i n  s h a k e  f l a s k s  i n  a g l u c o s e - b a s e d  p r o d u c t i o n
medium (50  ml /  250 ml f l a s k ) ,  a f t e r  2 ^ , 4 8  and 72 h o u r s .
The c u l t u r e s  w e r e  h a r v e s t e d  a f t e r  9 6  hr  and a c i d i f i e d
(pH 2 . 0 ) ,  l i b e r a t i n g  0TG f rom t h e  m y c e l i u m .  F o l l o w i n g  UV
e s t i m a t i o n  (353um)  o f  t h e  a n t i b i o t i c  c o n c e n t r a t i o n ,  t h e
a c i d i f i e d  f i l t r a t e  was  vacuum c o n c e n t r a t e d  and t r e a t e d
w i t h  Na^FeCN^ ( p r o t e i n  p r e c i p i t a t i o n ) . A d j u s t m e n t  t o  pH
4 . 7  a f f o r d e d  t h e  y e l l o w  p r o d u c t  a s  t h e  f r e e  b a s e ,  w h i c h
was  h a r v e s t e d  and c o n v e r t e d  t o  i t s  c r y s t a l l i n e  h y d r o c h l o r i d e
i n  m e t h a n o l i c  HCl .
B a s e d  on p r e v i o u s l y  a s s i g n e d  c h e m i c a l  s h i f t s  } t h e  
12p . n . d .  C nmr s p e c t r u m  ( 9 0 . 5 2  MHz) o f  o x y t e t r a c y c l i n e  ( i )
13d e r i v e d  f rom [ l -  c ] a c e t a t e  ( F i g  5 - 5 )  i m p l i e d  e n r i c h m e n t  o f
n i n e  a l t e r n a t e  r i n g  c a r b o n s  when compared  w i t h  t h e  r e l a t i v e
13i n t e n s i t i e s  o b s e r v e d  i n  t h e  n a t u r a l  a b u n d a n c e  p . n . d .  C
nmr s p e c t r u m  o f  ( i ) ,  F i g  5 - 6 .  E n r i c h m e n t s  f o r  i n d i v i d u a l
c a r b o n  n u c l e i  w e r e  c a l c u l a t e d  f rom t h e i r  c o m p a r a t i v e
r a t i o s ,  r e l a t i v e  t o  t h e  C-6 m e t h y l  f u n c t i o n ,  known n o t  t o  
71 7 3be  a c e t o g e n e t i c  T a b l e  5 - 3 -
The r e s u l t s  f rom t h i s  i n v e s t i g a t i o n  w e r e  t h u s  
c o n s i s t e n t  w i t h  t h e  e x p e c t e d  l a b e l l i n g  p a t t e r n  f o r  t h e  
d e r i v a t i o n  o f  t h e  t e t r a c e n e  n u c l e u s  o f  OTC v i a  a 
t o t a l  p o l y k e t i d e  r o u t e .  In  a d d i t i o n  , s i g n i f i c a n t
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e n r i c h m e n t  o f  t h e  c a r b o x a m i d e  s u b s t i t u e n t  ( £ 1 7 2 . 2  ppm)
was a p p a r e n t ,  c o n s i s t e n t  w i t h  t h e  e a r l i e r  o b s e r v a t i o n  o f  
70G a t e n b e c k  , o f  t h e  c o r r e s p o n d i n g  i n c o r p o r a t i o n  o f  l a b e l  
. H  .
f r o m [ l -  C J a c e t a t e  i n t o  t h i s  s u b s t i t u e n t .
T h i s  r e s u l t  c o n f i r m s  t h e  o p e r a t i o n  o f  t h e  c i t r i c  a c i d
c y c l e  d u r i n g  t h e  b i o s y n t h e s i s  o f  0TC» r e s u l t i n g  i n  t h e
13 13l i b e r a t i o n  o f  GOg f rom t h e  c y c l i n g  o f [ l -  C J a c e t a t e ;
t h i s  o b s e r v a t i o n  i s  a l s o  s u p p o r t e d  by t h e  p r e v i o u s l y
d i s c u s s e d  a u t o r a d i o g r a p h i c  e v i d e n c e  ( p a g e 9 2 ) ,  w h i c h
1 1 7c o n t r a d i c t e d  t h e  c o n c l u s i o n s  o f  a p r e v i o u s  s t u d y
I n  t h e  s p e c t r u m  o f  [ l , 2 - ^ C 2  J a c e t a t  e - d e r i v e d  0TC.HC1»
a l l  18 r i n g  c a r b o n s  a p p e a r e d  a s  d o u b l e t s  ( T a b l e  5 « ^ ) »  w i t h
c o u p l i n g  c o n s t a n t s  c o r r e s p o n d i n g  t o  t h e  i n c o r p o r a t i o n  o f
n i n e  i n t a c t  u n i t s .  T h e s e  d o m i n a n t  d o u b l e t s  w e r e
a c c o m p a n i e d  by l o w e r  i n t e s i t y  s a t e l l i t e  p e a k s  d u e  t o  t h e
l e s s  f r e q u e n t  i n c o r p o r a t i o n  o f  a d j a c e n t  d o u b l y  l a b e l l e d
a c e t a t e  u n i t s  ( F i g  5 * 7 )  • Co upl i ng ,  b e t w e e n  t h e  c a r b o x a m i d e
c a r b o n  and t h e  C-2 c a r b o n  was  a l s o  o b s e r v e d  ( m i n o r  d o u b l e t )
13due  t o  i n d i r e c t  i n c o r p o r a t i o n  o f  GOg a t  t h e  c a r b o x a m i d e
s u b s t i t u e n t ,  i n  m o l e c u l e s  o f  OTC a l r e a d y  l a b e l l e d  a t
c a r b o n s  1 and 2 .  I n  a d d i t i o n ,  t h e  f o r m a t i o n  o f  s p e c i e s
13m  w h i c h  o n l y  t h e  c a r b o x a m i d e  was  l a b e l l e d  f rom GOg 
r e s u l t e d  i n  an e n h a n c e d  n a t u r a l  a b u n d a n c e  s i n g l e t .
S p i n - s p i n  c o u p l i n g  o f  C-2 w i t h  C - l  and t h e  CONHg
g r o u p  w o u l d  h a v e  r e s u l t e d  i n  t>he a p p e a r a n c e  o f  a d o u b l e
d o u b l e t  a t  t h e  r e s o n a n c e  o f  C-2j  h o w e v e r ,  t h e  c o u p l i n g
and h e n c e  t h e  s p l i t t i n g  p a t t e r n s  a r i s i n g  f rom i n c o r p o r a t i o n
o f  a d j a c e n t  a c e t a t e  u n i t s ,  s p e c i f i c a l l y  C  ^ ^ , p r e c l u d e d
any d i r e c t  o b s e r v a t i o n  o f  t r i p l y  l a b e l l e d  s p e c i e s
( C-,, , , . .  o n )  i n  t h e  s p e c t r a  o b t a i n e d .C0NH2 > 2 , 1
T ab 1 e 5 • 3 • 9 0 * 5 2  MHz b ^C nmr d a t a  f o r  o x y t  e t r a c y  c l i n e  ( i ) ,
13  ai n ( C D o ) o S0> d e r i v e d  f r o m [ l -  c ] a c e t a t e  .
Carbon ppm Carbon ppm
Me 2 4 .  75 1 0a 114  . 6
NMe^
00 
1—1 9 1 1 4 . 9
4 a 4 2 . 4 b 7 1 1 7 * 1
5 a 4 9 . 9 b 8 1 3 6 . 6b
5 6 4 . 5 6 a 1 4 8 . 9^
4 6 5 . 0 10 1 6 1 . 3b
6 6 9 . I conh2 1 7 2 . 2b
1 2 a 7 2 . 7 12 1 7 3 . 8b
2 9 5 * 6 3 1 8 7 . 3 °
1 1 a 1 0 5 * 5 1 1 9 3 . l b
11 1 9 3 . 8b
13as  c D a t a  ( s h i f t s  r e l a t i v e  t o  e x t .  Me^Si )  by c o u r t e s y  o f  
D r . P . R e g a n ,  S h e l l  R e s e a r c h ,  S i t t i n g b o u r n e . b :  D e n o t e s  
e n r i c h m e n t  i n  e x c e s s  o f  1 0 0 ^  r e l a t i v e  t o  n o r m a l  a b u n d a n c e  
( a v e r a g e  e n r i c h m e n t  c a  4 0 0 ^ ) .  c :  B r o a d e n i n g  o f  s i g n a l  a t  
0 - 3  p r e c l u d e d  s i g n i f i c a n t  c o m p a r i s o n  o f  r e l a t i v e  i n t e n s i t i e s .
13T a b 1 e 5 • 4  62.9MHz C nmr d a t a  f o r  o x y t e t r a c y c l i n e  ( i )
13
d e r i v e d  f r o m [ l , 2 -  ^ 2 Ja c e ^a  ^e
C o u p l e d  c a r b o n s J /Hz c c / C o u p l e d  c a r b o n s J /Hz c c /
1,2../ 6 0 . 5 , 6 2 . 6 8 , 9 5 7 . 5 , 5 6 . 1
3 , 4 4 1 . 5 , 4 2 . 9 1 0 , 1 0 a 6 3 . 2 , 6 3 . 0
4 a ,  5 3 3 . 9 , 3 ^ . 2 1 1 , 1 1 a 5 6 . 0 , 5 6 . 2
5 a ,  6 3 8 . 1 , 3 8 . 0 1 2 , 12a 5 2 . 4 , 5 2 . 5
6 a ,  7 6 1 . 0 , 5 8 . 6 2 , C0NH 6 2 . 6 , 6 4 . 6 d
d!  Low i n t e n s i t y  d o u b l e t  c o n s i s t e n t  w i t h  i n c o r p o r a t i o n  o f  CO2.
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H o m o n u c l e a r  d e c o u p l i n g  ( h . n . d )  e x p e r i m e n t s  c o n f i r m e d  
a d i r e c t  c o u p l i n g  b e t w e e n  c a r b o n s  2 and t h e  c a r b o x a m i d e  
( F i g  5 * 8 a ) .  In  a d d i t i o n ,  d e c o u p l i n g  a t  C-3» r e s u l t e d  i n  
a l o s s  o f  t h e  s i g n a l s  due  t o  i n t e r - a c e t a t e  c o u p l i n g ,  a t  
c a r b o n s  2 and 3» h o w e v e r ,  a m i n o r  p a i r  o f  s a t e l l i t e s  w e r e  
s t i l l  a p p a r e n t  a t  C-2 ( i n  a d d i t i o n  t o  t h e  mai n  Cg . c o u p l i n g )  , 
s u g g e s t i n g  t h e y  w e r e  t h e  o u t e r  arms  o f  a d o u b l e  d o u b l e t  a r i s i n g  
f ro m c o n t i g u o u s  l a b e l l i n g  a t  C - l ,  C-2 and t h e  c a r b o x a m i d e  
s u b s t i t u e n t  . ( F i g  5»8"b)» S u b s e q u e n t  h . n . d  d a t a  c o n f i r m e d  
t h e  d i r e c t  c o u p l i n g  o f  c a r b o n s  1 and 2;  and 4 a  and 5*
T h e s e  r e s u l t s  a l s o  c o n f i r m e d  t h e  d i r e c t i o n  o f  
f o l d i n g  o f  an h y p o t h e t i c a l  l i n e a r  p o l y k e t i d e  i n t e r m e d i a t e
l e a d i n g  t o  OTC ( i ) i  Scheme 31 , p a t h  a .  The  s t u d i e s  o f
c 78M Cormi ck  e t  a l  l e d  i n t e r  a l i a  t o  t h e  d i s c o v e r y  o f  a
t r i c y c l i c  m e t a b o l i t e ,  r e f e r r e d  t o  a s  p r o t e t r o n e .  A
81m e t h y l  a n a l o g u e  ( i i )  was  a l s o  i d e n t i f i e d  . I t s  f o r m a t i o n
1 1
i s  a l s o  c o n s i s t e n t  w i t h  a c l o c k w i s e  mode o f  f o l d i n g  o f  
an h y p o t h e t i c a l  l i n e a r  i n t e r m e d i a t e .  I n  t h e  r e l a t e d
O D
a n t h r a c y c l i n e  a n t i b i o t i c s ,  eg a c l a c i n o m y c i n  A ( i i i )  , 
t h e  c a r b o n  s k e l e t o n  i s  s i m i l a r l y  f o rm e d  by c y c l i s a t i o n  o f  
a l i n e a r  p o l y k e t i d e  c h a i n ,  p r i m e d  by an i n i t i a l  p r o p i o n a t e  
u n i t .  U n l i k e  t e t r a c y c l i n e  b i o s y n t h e s i s ,  no p o t e n t i a l  
t r i c y c l i c  a n t h r a c y c l i n e  i n t e r m e d i a t e  h a s  b e e n  r e p o r t e d ,  
h o w e v e r  t h e  c u r r e n t l y  a v a i l a b l e  b i o s y n t h e t i c  d a t a  a l l o w s  
a p o s s i b l e  common d e r i v a t i o n  o f  b o t h  g r o u p s  o f  t e t r a c e n e  
a n t i b i o t i c s  v i a  a l t e r n a t i v e  c y c l i s a t i o n s  o f  a p r o t e t r o n e -  
l i k e  p r e c u r s o r  ( Scheme 3 2 ) .
50A r e c e n t  r e p o r t  , h a s  e s t a b l i s h e d  t h e  b i o s y n t h e t i c
13r o u t e  t o  v i r i d i c a t u m t o x i n  ( i v )  f r o m [ l , 2 -  C g j a c e t a t e ,  and  
h a s  e s t a b l i s h e d  a d i f f e r e n t  l a b e l l i n g  p a t t e r n  t o  t h a t  
o b s e r v e d  f o r  ( i ) ,  F i g  5»9* A c o m p l e m e n t a r y  f e e d i n g  s t u d y
1 3 9
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13 18i n v o l v i n g [ l -  C» O j a c e t a t e ,  showed t h e  r e t e n t i o n  o f  
18 0 a t  C - 4 a .  T h i s  o b s e r v a t i o n  p r e c l u d e s  a p a t h w a y  i n v o l v i n g  
a f u l l y  a r o m a t i c  i n t e r m e d i a t e ,  a n a l o g o u s  t o  p r e t e t r a m i d e  ( v ) .
The  compound i s  f u r t h e r  d i s t i n g u i s h e d  f rom OTC i n  t h e  
d e r i v a t i o n  o f  t h e  C-2 and c a r b o x a m i d e  c a r b o n s  f rom an 
i n t a c t  a c e t a t e  u n i t ,  and t h e  non a c e t a t e  o r i g i n  o f  C-3»  
C o n c e i v a b l y ,  t h i s  c a r b o n  may d e r i v e  f ro m t h e  C-2 o f  
g l y o x y l a t e ,  w h i c h  c o u l d  b e  i n c o r p o r a t e d  i n t o  t h e  
p o l y k e t i d e  m o i e t y  v i a  a c o n d e n s i n g  enzyme s i m i l a r  t o  
m a l a t e  s y n t h a s e  ( E C .  4 . 1 . 3 * 2 )  w i t h  s u b s e q u e n t  o x i d a t i v e  
d e c a r b o x y l a t i o n  ( S c h e m e  3 3 ) .
5 . 2 . 4  O r i g i n  o f  t h e  c a r b o x a m i d e  s u b s t i t u e n t  i n  o x y t e t r a c y c l i n e
G a t e n b e c k  o r i g i n a l l y  r e p o r t e d  l a b e l l i n g  o f  t h e  a m i d e
r 14 i 70c a r b o n  i n  OTC f r o m ( l -  C J a c e t a t e  , a p p a r e n t l y  i n v o l v i n g
14p r i o r  c o n v e r s i o n  t o  COg• On t h e  b a s i s  o f  t h i s  s t u d y ,  h e
p r o p o s e d  t h e  d e r i v a t i o n  o f  t h e  t e t r a c y c l i c  c a r b o n  s k e l e t o n
f ro m n i n e  m o l e c u l e s  o f  m a l o n y l  CoA, w i t h  r e t e n t i o n  o f
a l l  t h r e e  c a r b o n s  o f  a m a l o n a t e  p r i m e r  u n i t .  The r e s u l t s
f r om f e e d i n g  s t u d i e s  w i t h f  1 - ^ c ] -  and [ l , 2 - ^ 0 2  ] a c e t a t e
( d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n ) ,  i n d i c a t e d  t h i s
h y p o t h e s i s  t o  be  a v i a b l e  p o s s i b i l i t y .  S u b s e q u e n t  t o
G a t e n b e c k s  f i n d i n g s ,  t h e  p o t e n t i a l  r o l e  o f  m a l o n a m y l  CoA
a s  a p r i m e r  u n i t  was  e x a m i n e d  i n  an u n s u c c e s s f u l  a t t e m p t  
r 14t o  i n c o r p o r a t e [ 1 , 3~ C g j m a l o n a m i c  a c i d  i n t o  c h l o r o t e t r a c y c l i n e . 
The n o n - i n c o r p o r a t i o n  o f  t h i s  c a n d i d a t e  p r e c u r s o r  was
c o n s i d e r e d  t o  b e  a r e s u l t  o f  c e l l  w a l l  i m p e r m e a b i l i t y ,  or
73t h e  l a c k  o f  an a p p r o p r i a t e  t h i o k i n a s e  . However  t h i s  
n e g a t i v e  e v i d e n c e  d o e s  n o t  p r e c l u d e  t h e  u t i l i s a t i o n  o f  m a l o n i c  
a c i d  v i a  an a l t e r n a t i v e  b i o s y n t h e t i c  i n t e r m e d i a t e .
A c c o r d i n g l y ,  i t  was  d e c i d e d  t o  i n v e s t i g a t e  t h e

o r i g i n s  o f  t h e  c a r b o x a m i d e  s u b s t i t u e n t  i n  f e e d i n g  
13s t u d i e s  w i t h  ^C m a l o n i c  a c i d s .  B e c a u s e  o f  t h e  p r o - p r o  
c h i r a l i t y  o f  t h e  p r e c u r s o r  i t  was d e c i d e d  t o  u t i l i s e  
[ l , 2 -  G g j m a l o n a t e ,  i n  w h i c h  an a p p r o p r i a t e  t h i o k i n a s e  
w o ul d  b e  u n a b l e  t o  d i s t i n g u i s h  b e t w e e n  e i t h e r  c a r b o x y l  
f u n c t i o n .  Thus  i n c o r p o r a t i o n  o f  t h e  p r e c u r s o r  i n t o  OTC 
s h o u l d  h a v e  r e s u l t e d  i n  a t r i p l y  l a b e l l e d  s p e c i e s ,  i n  
w h i c h  t h e  C-2 s i g n a l  a p p e a r e d  a s  a d o u b l e  d o u b l e t ,  w e r e  
a l l  t h r e e  c a r b o n s  o f  an i n t a c t  m a l o n a t e  p r i m e r  u n i t  r e t a i n e d .
i 3  ,U n f o r t u n a t e l y ,  t h e  C nmr s p e c t r u m  o b t a i n e d  ( F i g
7 . 1 ,  a p p e n d i x )  was  p o o r l y  r e s o l v e d  a t  t h e  C-2 s i g n a l ,  w h i c h
r e m a i n s  an u n s o l v e d  m y s t e r y ,  s i n c e  s u b s e q u e n t  s p e c t r a  
13o f  ^ C - l a b e l l e d  OTC on t h e  same s i z e d  m a c h i n e ,  h a v e  
a f f o r d e d  ' c l e a n  d a t a ' ,  and can o n l y  b e  a t t r i b u t e d  t o  t h e  
i d i o s y n c r a c i e s  o f  an i n d i v i d u a l  m a c h i n e .  S i n c e  no more  
o f  t h i s  b i o s y n t h e t i c a l l y - d e r i v e d  m a t e r i a l  was  a v a i l a b l e ,  
i t  was  d e c i d e d  t o  a t t e m p t  an i n c o r p o r a t i o n  s t u d y  w i t h  
[ l , 2 , 3 - ^" ^ G^  J m a l o n a t e .
The p r e c u r s o r  was  a d m i n i s t e r e d  t o  S .  r i m o s u s  ( 1 7 1 0 1 ) ,
u n d e r  t h e  same c o n d i t i o n s  a s  d e s c r i b e d  f o r  t h e  a c e t a t e
i n c o r p o r a t i o n s ,  and 0TC.HC1 r e c o v e r e d .  D a t a  f r o m  t h e  
13p . n . d  J G nmr s p e c t r u m  ( T a b l e  5 * 5 )  showed a c o u p l i n g
p a t t e r n  w h i c h  d i f f e r e d  o n l y  s i g n i f i c a n t l y  f r o m t h a t  o f  
1 ^
[ l  1 2 -  c 2 ] a  c e t a t e - d e r i v e d  OTC i n  r e s p e c t  o f  t h e  C-2
( S 9 5*8  ppm) and c a r b o x a m i d e  ( 6  1 7 2 . 1  ppm) s i g n a l s
( F i g  5 * 1 0 )  . I n  c o n t r a s t  t o  t h e  s p e c t r u m  o f  a c e t  a t  e
- d e r i v e d  OTC, i n  w h i c h  t h e  m a j o r  c o mp o ne n t  o f  t h e  C-2
s i g n a l  c o n s i s t e d  o f  a s i n g l e t  and a d o u b l e t  J 9 = 6 2 . 6  Hz,
2, 1
t h e  s p e c t r u m  o f  t h e  [ l , 2 , ] m a l o n a t  e - d e r i v e d  p r o d u c t
e x h i b i t e d  a C-2 m u l t i p l e t  w h i c h  i n c l u d e d  a d o u b l e  d o u b l e t
z' 13T a b l e  5 * 5  62 . 9MHz C nmr d a t a  f o r  o x y t e t r a c y c l i n e  ( i n
(CD^lgSO ) d e r i v e d  f r o m [ l , 2 , ] ma l o n a t e
Co up l e d  c a r b o n s J c c / H z
C0NH2 , 2 6 5 - 3 . 6 3 . 8
2 ,  1 6 2 . ? ^ 6 2 . 4
1 2 a , 12 5 2 . 4 , , 5 3 . 0
1 1 a , 11 5 6 . 1 , 5 6 . 0
1 0 a , 10 6 3 . 0 , 6 3 . 2
9 ,  8 5 8 . 2 , 5 6 . 9
7 ,  6a 5 7 - 6 , 6 1 . 1
6 ,  5 a 3 8 . 0 , 3 8 . 2
5 * 4 a 3 4 . 1 , 3 3 . 3
3 40  . 8 , 4 0 . 6
b:  D o u b l e  d o u b l e t ( c f  F i g  5 - 1 ° )
Le g e n d  f o r  F i g  5 * 1 6 .
1362.9MHz p r o t o n  n o i s e  d e c o u p l e d  C nmr s p e c t r u m  o f  
13[ 1 , 2 , 3 -  C j j m a l o n a t e - d e r i v e d  o x y t e t r a c y c l i n e . C h e m i c a l  
s h i f t s  r e l a t i v e  t o  m i d l i n e  o f  ( C D ^ g S O .
b s
E x p a n s i o n  o f  CONHg and C-2 r e g i o n s !  t h e  C-2 s i g n a l  s ho ws
tw o  p e a k s  (cO c o r r e s p o n d i n g  t o  t h e  o u t e r  arms  o f  a d o u b l e
d o u b l e t , ( Jg  ^ 6 2 . 7 H z ,  qqnh 6 3 . 8 Hz,  and two p e a k s  ( * )
c o r r e s p o n d i n g  t o  a d o u b l e t   ^ 6 2 . 7 H z  r e s u l t i n g  f ro m t h e
13i n c o r p o r a t i o n  o f  { 1 , 2 -  C g ^ c e t a t e  f o r m e d  by p r i o r
13d e c a r b o x y l a t i o n  o f  t r i p l y  C - l a b e l l e d  m a l o n a t e .
© :
c o r r e s p o n d i n g  r e g i o n s  o f  t h e  s p e c t r u m  o f  [ 1 ,  2 -"^C2 J a c e t a t  e 
d e r i v e d  QTC ( o u t e r ,  -minor s a t e l l i t e  p e a k s •r e s u l t i n g  f r om  
l e s s  f r e q u e n t  i n c o r p o r a t i o n  o f  d o u b l y  l a b e l l e d  a c e t a t e .
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i n d i c a t i n g  c o u p l i n g  w i t h  b o t h  C - l  ( J g  6 2 . 7  Hz) and
t h e  c a r b o x a m i d e  J 0 = 6 3 * 8  Hz.  The d o u b l e  d o u b l e t2 , C0NH2
was  a c c o m p a n i e d  by a d o u b l e t  ( j ^  6 2 . 7  Hz) o f  s i m i l a r
1 ^
i n t e n s i t y ,  r e s u l t i n g  f rom t h e  i n c o r p o r a t i o n  o f [ l , 2 -  Gg]"  
a c e t a t e  f o r m e d  f rom d e c a r b o x y l a t i o n  o f  t h e  t r i p l y  l a b e l l e d  
m a l o n a t e  p r e c u r s o r ,  and a d o m i n a n t  s i n g l e t ,  t h e  r e l a t i v e  
i n t e n s i t y  o f  w h i c h  maske d  t h e  i n n e r  s a t e l l i t e  p e a k s  o f  
t h e  d o u b l e  d o u b l e t .  T h i s  a s s i g n m e n t  o f  t h e  C-2 m u l t i p l e t  
was  s u p p o r t e d  by t h e  t r i p l e t  c h a r a c t e r  o f  t h e  c a r b o x a m i d e  
s i g n a l ,  c o m p r i s i n g  a s i n g l e t  f l a n k e d  by a s t r o n g  d o u b l e t
( j conh2 , 2=  6 5 ' 3 Hz)
W h i l e  t h e s e  r e s u l t s  s u p p o r t  t h e  e x i s t e n c e  o f  a
m e c h a n i s m f o r  t h e  d i r e c t  i n c o r p o r a t i o n  o f  an i n t a c t
m a l o n a t e  u n i t  i n t o  c a r b o n s  1 , 2  and t h e  c a r b o x a m i d e
s u b s t i t u e n t  o f  OTC, a p o s s i b l e  a l t e r n a t i v e  i n t e r p r e t a t i o n
b a s e d  on s e l e c t i v e  r e - i n c o r p o r a t i o n  o f  m e t a b o l i c a l l y  
13d e r i v e d  GOg i n t o  t h e  a mi d e  m o i e t y ,  m i g h t  a l s o  a c c o u n t
f o r  t h e  o b s e r v e d  s p e c t r a l  d a t a .  T h i s  w o ul d  p a r a l l e l
13t h e  p a t h w a y  i n v o l v i n g  m e d i a t i o n  o f  CO^  w h i c h  was
p r e v i o u s l y  i n v o k e d  t o  e x p l a i n  two f e a t u r e s  o f  t h e
13c a r b o x a m i d e  s i g n a l  o f [ l , 2 -  Cg ] a c e t a t e - d e r i v e d  OTC, n a m e l y  
t h e  a p p r e c i a b l y  e n h a n c e d  i n t e n s i t y  o f  t h e  n a t u r a l  
a b u n d a n c e  s i n g l e t  and t h e  p r e s e n c e  o f  a l o w  i n t e n s i t y  
d o u b l e t  due  t o  c o u p l i n g  w i t h  C - 2 .
A q u a l i t a t i v e l y  s i m i l a r  s p e c t r u m  w o u l d  r e s u l t  f r om
t h e  i n c o r p o r a t i o n  o f [ 1 , 2 , 3 - ^^C^] m a l o n a t e , i f  a c c o m p a n i e d
by e x t e n s i v e  d e c a r b o x y l a t i o n  and e f f i c i e n t  r e - u t i l i s a t i o n
13o f  t h e  r e s u l t i n g  GOg • Howe ve r ,  q u a n t i t a t i v e  c o m p a r i s o n  
o f  t h e  c a r b o x a m i d e  s i g n a l s  i n  t h e  s p e c t r a  o f  t h e  [ l , J-
1 ^
a c e t a t e  a n d [ l , 2 , 3 -  C ^ J m a l o n a t e - d e r i v e d  p r o d u c t s  ( F i g  5 * 1 0 ) ,
showed t h a t  whe r e a s  i n  m a l o n a t e  l a b e l l e d  OTC t h e  c a r b o x a m i d e
d o u b l e t  i s  f a r  more i n t e n s e  t h a n  t h e  c o r r e s p o n d i n g  a c e t a t e
- d e r i v e d  p r o d u c t ,  t h e  o b s e r v e d  r e l a t i v e  e n r i c h m e n t  o f  t h e
n a t u r a l  a b u n d a n c e  s i n g l e t  i s  c o n s i d e r a b l y  r e d u c e d ,  c a  1 : 2 . 7
( m a l o n a t e  : a c e t a t e ) . I t  f o l l o w s  t h a t  r e - i n c o r p o r a t i o n  o f
GOg , f o r m e d  f rom m a l o n a t e  d e c a r b o x y l a t i o n  i s  l e s s
e f f i c i e n t  t h a n  t h a t  d e r i v e d  f rom a c e t a t e ,  and c o n f i r m s
t h e  o p e r a t i o n  o f  a p a t h wa y  f o r  t h e  i n c o r p o r a t i o n  o f  an
131
i n t a c t  m a l o n a t e  u n i t  ( Scheme  3*0
A r e c e n t  r e p o r t  on t h e  b i o s y n t h e s i s  o f  c y c l o h e x i m i d e  
( v i )  c o n f i r m e d  t h e  a n a l o g o u s  i n c o r p o r a t i o n  o f  an i n t a c t
“I O
[ l , 2 , 3 -  G ^ ] m a l o n a t e  u n i t ,  a g a i n  w i t h  p a r t i a l  d e c a r b o x y l a t i o n .
I n  t h i s  s t r e p t o m y c e t e  p o l y k e t i d e ,  m a l o n a t e  a p p e a r s  t o
f u n c t i o n  s t e r e o s p e c i f i c a l l y  a s  a p r i m e r  u n i t  i n  t h e
132b i o g e n e s i s  o f  t h e  g l u t a r i m i d e  r i n g  .
The s t a g e  a t  w h i c h  t h e  a mi de  bond i s  f o r m e d  i n  OTC 
r e m a i n s  t o  b e  e l u c i d a t e d .  W h i l e  n i t r o g e n  i n s e r t i o n  m i g h t  
i n v o l v e  a ’ m a l o n a m a t e  p r i m e r  u n i t ' ,  an e q u a l l y  a c c e p t a b l e  
s c he me  w o ul d  i n v o l v e  t h e  f o r m a t i o n  o f  t h e  a m i d e  m o i e t y  
s u b s e q u e n t  t o  t h e  a s s e m b l y  o f  a n o n a k e t i d e  a c i d  
i n t e r m e d i a t e  ( v i i )  w h i c h  i s  t h e n  r e l e a s e d  f rom t h e  
enzyme m a t r i x  f o l l o w i n g  c y c l i s a t i o n  t o  6 - m e t h y l p r e t e t r a m i d e  
( v i i i ) . A l t h o u g h  t h e  b i o s y n t h e s i s  o f  t h e  2 - a c e t y l  -  
c a r b o x a m i d o t e t r a c y c l i n e s  eg ( i x )  i s  g e n e r a l l y  a s s u m e d  
t o  r e q u i r e  t h e  s e q u e n t i a l  a s s e m b l y  o f  a d e k a k e t i d e  b a s e d  
on an a c e t a t e  p r i m e r ,  t h e  c u r r e n t  d a t a  d o e s  n o t  d i s c o u n t  
a me c h an i s m i n v o l v i n g  d i s p l a c e m e n t  o f  t h e  c a r b o x y l  m o i e t y  
o f  an e x c l u s i v e l y  m a l o n a t e - d e r i v e d  p o l y k e t i d e  by a c e t y l  
CoA. I n  t h i s  e v e n t  t h e  c a r b o x a m i d o -  and a c e t y l  s e r i e s  o f  
t e t r a c y c l i n e s  wo u l d  be  d e r i v e d  f rom a common a d v a n c e d
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p o l y k e t i d e  i n t e r m e d i a t e  eg ( x ) ,  Scheme 35 .
5 . 2 . 5  D e t e r m i n a t i o n  o f  a c e t a t e - d e r i v e d  o x y g e n  s u b s t i t u e n t s
i n  o x y t e t r a c y c l i n e
1 o  -| o  "I Q
P r e l i m i n a r y  a n a l y s i s  o f  nmr d a t a  f rom ( 1 -  c , o]-
1 o
a c e t a t e - d e r i v e d  OTC h a s  d e m o n s t r a t e d  t h e  r e t e n t i o n  o f  0 
a t  c a r b o n s  1 , 3 »1 0 ,1 1  and 12 o f  t h e  t e t r a c e n e  n u c l e u s ,  i n  
a c c o r d  w i t h  t h e  e x p e c t e d  l a b e l l i n g  p a t t e r n  f o r  t h e  
p o l y k e t i d e  n a t u r e  o f  t h e  a n t i b i o t i c  ( S c h em e  3 6 ) .
The r e s o n a n c e s  f o r  t h e s e  c a r b o n s  a p p e a r e d  a s  p a i r s
18o f  e n h a n c e d  s i g n a l s ,  w i t h  r e t e n t i o n  o f  0 m a n i f e s t e d  by
an u p f i e l d  s h i f t  o f  t h e  n o r m a l  r e s o n a n c e  c o r r e s p o n d i n g  t o  
13 l 6C- 0 ( F i g  5 * 1 1 ) *  S i g n a l s  a t t r i b u t a b l e  t o  t h e  C - l
c a r b o n  w e r e  n o t  c l e a r l y  d i s c e r n i b l e  i n  t h e  s p e c t r u m
o b t a i n e d  w h e r e  t h e  nmr p r o b e  t e m p e r a t u r e  wa s  m a i n t a i n e d  
0
a t  35 C• Ho w e v e r ,  t h e  same s a m p l e ,  r e - e x a m i n e d  a t  a p r o b e  
t e m p e r a t u r e  o f  6 6 ° C, l e d  t o  an i n c r e a s e  i n  t h e  a p p a r e n t  
i n t e n s i t y  o f  t h e  p a i r  o f  s i g n a l s  f o r  t h i s  c a r b o n  ( F i g  5 * 1 2 ) .
A p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  phe n o me n o n  i s  t h e
r e d u c t i o n  o f ’ t h e  h y d r o g e n  b o n d i n g  b e t w e e n  t h e  C - l  o x y g e n
s u b s t i t u e n t  and t h e  amino  f u n c t i o n  o f  t h e  C-2 c a r b o x a m i d e
m o i e t y .  T h i s  i s  s u p p o r t e d  f r om t h e  i n c r e a s e d  i n t e n s i t y  o f
t h e  c a r b o x a m i d e  s i g n a l  a t  t h e  e l e v a t e d  t e m p e r a t u r e ,
18h o w e v e r ,  t h e r e  was  no e v i d e n c e  o f  0 r e t e n t i o n  a t  t h i s  
s u b s t i t u e n t ,  p r e s u m a b l y  f rom c o n s i d e r a b l e  e x c h a n g e  o f  
m e t a b o l i c a l l y  d e r i v e d  w i t h
Co mpa r i s o n  o f  t h e  r e l a t i v e  i n t e n s i t i e s  o f  e a c h  p a i r  
o f  r e s o n a n c e s  ( ^ C - ^ O /  ^ C - ^ O ) ,  s u g g e s t e d  t h a t  l e s s
1 o
e x c h a n g e  o f  0 had  o c c u r r e d  a t  C - l  t h a n  f o r  t h e  o t h e r
18c a r b o n s  b e a r i n g  0 s u b s t i t u e n t s ,  c f  F i g s  5 * H i  an(i  5 » 1 2 .
F u r t h e r  d a t a  i s  t o  be  o b t a i n e d ,  on t h e  q u a n t i t a t i o n  o f  
18 0 a t  e a c h  l a b e l l e d  s i t e ,  b e f o r e  any b i o s y n t h e t i c
s i g n i f i c a n c e  can be  a t t r i b u t e d  t o  t h e s e  o b s e r v a t i o n s .
Ho we v e r ,  a l t h o u g h  a s i m p l e  h y d r a t i o n - d e h y d r a t i o n  m e c h a n i s m
18woul d  a c c o u n t  f o r  t h e  e x c h a n g e  o f  0 o b s e r v e d  a t  e a c h
l a b e l l e d  s i t e ,  C - l  w h i c h  a p p e a r s  t o  show more r e l u c t a n c e
t o  u n d e r g o  e x c h a n g e  i s  p a r t  o f  t h e  t h r e e  c a r b o n  m a l o n a t e
131p r i m e r  u n i t  o f  t h e  a n t i b i o t i c  ; i t  i s  c o n c e i v a b l e
t h a t  t h e r e  i s  some p r o t e c t i o n  o f  t h e  p r i m e r  u n i t  t o  t h e
m e c h a n i s m s  o f  o x y g e n  e x c h a n g e ,  u n f o r t u n a t e l y  t h e  C-2
c a r b o x a m i d e  s u b s t i t u e n t  d i d  n o t  show d e t e c t a b l e  l e v e l s  
18o f  0 l a b e l l i n g .  The p o t e n t i a l  s i g n i f i c a n c e  o f  t h e
18g r e a t e r  r e t e n t i o n  o f  0 i n  t h e  p r i m e r  u n i t  may r e q u i r e
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m a l o n a t e  i n t o  OTC
135 . 2 . 6  F e e d i n g  s t u d i e s  w i t h  [ l -  C , 2 - CD^ j a c e t a t e
13I n c o r p o r a t i o n  o f  [ l -  C , 2 - C D ^ J a c e t a t e  i n t o  OTC 
r e s u l t e d  i n  t h e  r e t e n t i o n  o f  d e u t e r i u m  a t  c a r b o n s  7 and 9> 
b u t  n o t  a t  c a r b o n  5» w h i c h  c o u l d  h a v e  b e e n  p o s s i b l e  v i a  
t h e  p o l y k e t i d e  h y p o t h e s i s ,  ( c f  Scheme 3 7 ) .  Thus  t h e  
m e c h a n i s m  f o r  C-5 h y d r o x y l a t i o n  i n  t h e  b i o s y n t h e s i s  o f  
o x y t e t r a c y c l i n e  l e d  t o  t h e  e l i m i n a t i o n  o f  d e u t e r i u m  f ro m an 
a d v a n c e d  i n t e r m e d i a t e .
13 13I n  t h e  p . n . d  C nmr s p e c t r u m  o f [ l -  C , 2 - CD  ^ ] a c e t a t e -
d e r i v e d  o x y t e t r a c y c l i n e  h y d r o c h l o r i d e ,  t h e  p r e s e n c e  o f
d e u t e r i u m  a t  c a r b o n s  7 and 9 was  c l e a r l y  d e t e c t e d  f r om t h e
fi s h i f t  i n d u c e d  on t h e  r e s o n a n c e s  a t  C- 6a  and C-8 ( F i g  5 - 1 3 )  •
I n  t h e  r e l a t e d  t e t r a c y c l i n e ,  d e u t e r i u m  w o u l d  be  r e t a i n e d  a t
C - 5 > ( c f  Scheme 3 7 ) ;  a s i m i l a r  e x p e r i m e n t  i n v o l v i n g  f e e d i n g  
13[ 1 -  C, 2 - G D ^ J a c e t a t e , w o ul d  c o n f i r m  t h e  r e t e n t i o n  o f
d e u t e r i u m  a t  t h i s  p o s i t i o n  ( i n  a d d i t i o n  t o  C-7 and C - 9 ) »
2
w h i l s t  d i r e c t  H nmr w o u l d  h e l p  t o  c l a r i f y  t h e  s t e r e o ­
c h e m i s t r y  o f  t h e  C-5 p o s i t i o n ,  t h r o u g h  t h e  c o u p l i n g  c o n s t a n t  
d a t a  , i n  r e l a t i o n  t o  t h e  t w o  a l p h a  h y d r o g e n  s u b s t i t u e n t s  
a t  C-^a and C-5a» Such i n f o r m a t i o n  w o u l d  t h e n  i m p l y  
w h e t h e r  t h e  m e c h a n i s m o f  C-5 h y d r o x y l a t i o n  i n  o x y t e t r a c y c l i n e  
p r o c e e d s  w i t h  r e t e n t i o n  or  i n v e r s i o n  o f  c o n f i g u r a t i o n .
An a n a l o g o u s  e x p e r i m e n t  i n t o  t h e  b i o s y n t h e s i s  o f  
7 - c h l o r o t e t r a c y c l i n e , m i g h t  i n d i c a t e  t h e  m e c h a n i s m  o f  
h a l o g e n a t i o n  a t  t h e  C-7 p o s i t i o n .  S h o u l d  t h e  m e c h a n i s m  
o f  c h l o r i n a t i o n  be  o x i d a t i v e ,  t h e n  i t  i s  c o n c e i v a b l e  t h a t  
t h e  d e u t e r i u m  p r e s e n t  a t  C-7 a t  t h e  p r e t e t r a m i d e  s t a g e  
o f  t h e  b i o s y n t h e s i s  c o u l d  u n d e r g o  an NIH s h i f t  f t o  b e  
r e l o c a t e d  a t  c a r b o n  8 ,  c f  S c h e m e  ? 7 .
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5 • 3  E p i l o g u e
The m u l t i d i s c i p l i n a r y  a p p r o a c h  a d o p t e d  i n  t h i s  
r e s e a r c h  p r o j e c t  h a s  g e n e r a t e d  many i n t e r e s t i n g  r e s u l t s ,  
and h a s  s i g n i f i c a n t l y  adde d  t o  our  u n d e r s t a n d i n g  o f  t h e  
b i o s y n t h e s i s  o f  t h e  ' t e t r a c y c l i n e '  a n t i b i o t i c s .  I  s h o u l d  
l i k e  t o  r e c o r d  h e r e ,  my own p e r s o n a l  s a t i s f a c t i o n  i n  h a v i n g  
worked  on s u c h  an i n t e r e s t i n g  and d i v e r s e  t o p i c .  T h e r e  
i s  p l e n t y  o f  s c o p e  f o r  f u t u r e  r e s e a r c h e r s  t o  c o n t i n u e  
w i t h  t h i s  work ,  p a r t i c u l a r l y  t h r o u g h  c e l l - f r e e  s t u d i e s ,  
and a l s o  i n  c o m p l e m e n t a r y  nmr s t u d i e s  o f  t h e  t e t r a c e n e  
n u c l e u s  o f  t h e s e  i m p o r t a n t  a n t i b i o t i c s .
CHAPTER SIX 
EXPERIMENTAL
6 . 1  E x p e r i m e n t a l
6 . 1 . 1  M a i n t e n a n c e  o f  s t r e p t o m y c e t e s
S t r a i n  h o m o g e n e i t y  o f  t h e  v a r i o u s  s t r e p t o m y c e t e s
s t u d i e d ,  was  m a i n t a i n e d  t h r o u g h  p e r i o d i c a l l y  ( c a  ^ m o n t h l y
i n t e r v a l s )  p l a t i n g  o u t  e a c h  o r g a n i s m  o n t o  a s p e c i f i c
g r o w t h  medium,  and s e l e c t i n g  c o l o n i e s  f o r  p r o p a g a t i o n  on
a g a r  s l a n t s .  S p o r u l a t i o n  g e n e r a l l y  o c c u r r e d  a f t e r  7 - 1 0
£
d a y s  o f  i n c u b a t i o n  a t  2 8 c ,  i n  t h e  d a r k .  S l a n t s  n o t  
r e q u i r e d  i m m e d i a t e l y  w e r e  s t o r e d  d e e p  f r o z e n .  The g r o w t h  
medium u s e d  t o  s u s t a i n  e a c h  o r g a n i s m  i s  shown i n  T a b l e  6 . 1  
d e t a i l s  o f  t h e i r  c o m p l e t e  c o m p o s i t i o n  a r e  g i v e n  
a p p e n d i x .
6 . 1 . 2  P r e p a r a t i o n  o f  a g a r  s l a n t s
A w o r k i n g  c o n c e n t r a t i o n  o f  a g a r  (^%)  was  
i n  d i s t i l l e d  w a t e r  ( b o i l i n g ) ,  c o n t a i n i n g  t h e  sp 
n u t r i e n t  a d d i t i v e s  ( s e e  a p p e n d i x  ) .  An a l i q u o t  
s o l u t i o n  ( 15ml)  was  d i s p e n s e d  i n t o  b o i l i n g  t u b e  
w e r e  s u b s e q u e n t l y  p l u g g e d  w i t h  n o n - a b s o r b e n t  co  
w o o l .  The t u b e s  we r e  t h e n  a u t o c l a v e d  a t  121C f  
m i n u t e s ,  b e f o r e  b e i n g  l a i d  a t  an a n g l e  ( c a  2 0 ° )  
a l l o w e d  t o  s e t .
6 . 1 . 3  I n o c u l a t i o n  o f  s l o p e s
A s t e r i l e  n i c k e l - w i r e  l o o p  was  m a i n t a i n e d  
p e r i o d i c a l l y  f l a m i n g  u n t i l  r e d - h o t  i n  a b u n s e n  f l a m e .  
S p o r e s  f rom e i t h e r  m a s t e r  s l o p e s  or  a g a r  p l a t e s  w e r e  
t r a n s f e r r e d  on t h e  t i p  o f  t h e  l o o p ,  t o  t h e  b a s e  o f  a 
f r e s h l y  p r e p a r e d  s l o p e ,  a f t e r  f l a m i n g  t h e  n e c k  o f  t h e  
t u b e ,  t h u s  c r e a t i n g  a c o n v e c t i o n  c u r r e n t  and p r e v e n t i n g
i n  t h e
d i s s o l v e d  
e c i f i e d  
o f  t h e  
s ,  w h i c h  
t t  on 
or  15  
and
t>y
a l i e n  s p o r e s  f rom e n t e r i n g  t h e  s t e r i l e  e n v i r o n m e n t .  The
l o o p  was  t h e n  w i t h d r a w n  i n  a z i g - z a g  f a s h i o n  a c r o s s  t h e
s u r f a c e  o f  t h e  a g a r ,  b e f o r e  r e p l a c i n g  t h e  c o t t o n  w o o l
o
p l u g  and i n c u b a t i n g  t h e  t u b e s  a t  28C i n  a s t a t i o n a r y  
i n c u b a t o r ,  u n t i l  , s p o r u l a t i o n  had t a k e n  p l a c e .
6 . 2  F e r m e n t a t i o n  o f  s t r e p t o m y c e t e s
A l l  o r g a n i s m s  w er e  grown i n  s u bm e r g e d  f e r m e n t a t i o n  
on an o r b i t a l  s h a k e r .
6 . 2 . 1  P r e p a r a t i o n  o f  an i n o c u l u m  s t a g e
S t e r i l e  w a t e r  ( 1 0 m l ) , was  a dded  a s e p t i c a l l y  t o  a 
s l o p e  o f  a g i v e n  o r g a n i s m ,  and a s t e r i l e  l o o p  u s e d  t o  
a g i t a t e  t h e  s u r f a c e  o f  t h e  s l o p e ,  t h u s  p r o v i d i n g  a 
s p o r e  s u s p e n s i o n .  An a l i q u o t  ( 2 m l )  was t r a n s f e r r e d  t o  
a s t e r i l e  i n o c u l u m  medium ( 50ml)  i n  a c o n i c a l  f l a s k  ( 2 50 ml )
c
I n c u b a t i o n  a t  2 8c  on an o r b i t a l  s h a k e r  (220  r . p . m )  
f o r  24  h o u r s ,  p r o v i d e d  v e g e t a t i v e  m y c e l i u m  f o r  t h e  
i n o c u l a t i o n  o f  a c o m p l e x  f e r m e n t a t i o n  medium.  The  
p r i n c i p l e  b e h i n d  t h i s  b i p h a s i c  p r o c e s s  was  t o  e n s u r e  
u n i f o r m i t y  i n  i h e  f e r m e n t a t i v e  s t a g e .  The i n o c u l u m  
medium u s e d  was  d e p e n d e n t  on t h e  g r o w t h  r e q u i r e m e n t s  
o f  a p a r t i c u l a r  o r g a n i s m .
S t r e p t o m y c e t e s  e l a b o r a t i n g  t e t r a c y c l i n e s  o t h e r  
t h a n  o x y t e t r a c y c l i n e ,  w e r e  grown on a s u c r o s e - b a s e d  
medium.  A l l  o t h e r  o r g a n i s m s ,  i n c l u d i n g  OTG p r o d u c e r s  
w e r e  grown up i n  g l u c o s e - b a s e d  m e d i a .
T a b l e  6 . 1  G r o w t h  m e d i a  f o r  s t r e p t o m y c e t e s
O r g a ni  sm P r o d u c t SIGrowth  medium
S.  a u r e o f a c i e n s c h 1 o r o t  e t r a c y  c l i n e p h a g e  p l a q u e
S.  a v e l l e n e u s t e t r a c y c l i n e p h a g e  p l a q u e
S.  a v e r m e c t i s av e r m e c t i n e m e r s o n
S.  c a t t l e y a t h i  enamy c i n e m e r s o n
S* c a p u e n s i s o x y t e t r a c y c l i n e e m e r s o n
S t r e p t o m y c e s  s p p . 
(3J2861 )
d i n a c t i n e m e r s o n
S t r e p t o m y c e s  s p p .  
(FM 5 3 9 0 )
a n t h r a c y  c l i n e e m e r s o n l +  NaCl
S.  g l a u c e s c e n s t e t r a c e n o m y c i n  C emer son
S.  l i p m a n i i p e n i c i l l i n  N e m e r s o n
S.  o l i v a c e u s o l i v a n i c  a c i d emer son
S.  p l a t e n s i s o x y t e t r a c y c l i n e AT CC 5
S.  p s a m m o t i c u s t e t r a c y c l i n e p h a g e  p l a q u e
S.  r i m o s u s  (G7) o x y t e t r a c y c l i n e emer s o n
S.  v i r i d i f a c i e n s c h l o r o t e t r a c y c l i n e  
t e  t r a c y  c l i n e
p h a g e  p l a q u e
..
a:  a u t o c l a v e d  a t  1 2 1 C f o r  15 m i n u t e s  p r i o r t o  u s e
6 . 2 . 2  P r e p a r a t i o n o f  a f e r m e n t a t i o n  s t a g e
To c o m p l e x  f e r m e n t a t i o n  medium ( 5 0 m l )  was  a d d e d  an 
a l i q u o t  ( l m l )  o f  2k  h o u r  o l d  v e g e t a t i v e  m y c e l i u m ,  and 
i n c u b a t e d  on an o r b i t a l  s h a k e r  ( 2 2 0  r . p . m . ) ,  a t  28°C, f o r  
up t o  7 d a y s .  When a s u c r o s e - b a s e d  i n o c u l u m  was  n e c e s s a r y  
t o  p r o d u c e  t h e  v e g e t a t i v e  s t a g e ,  a f e r m e n t a t i o n  medium
c o n t a i n i n g  m o d i f i e d  s t a r c h  and c o r n  s t e e p  s o l i d s  was  
e m p l o y e d .  F o r  a l l  o t h e r  s p e c i e s ,  a f e r m e n t a t i o n  medium 
b a s e d  on g l u c o s e  and l a c t a l b u m i n  h y d r o l y s a t e  was  u s e d .  
D e t a i l s  o f  t h e i r  c o m p l e t e  c o m p o s i t i o n  a r e  g i v e n  i n  t h e  
a p p e n d i x .
6 . 3  M e a s u r e m e n t  o f  pH
A l l  pH m e a s u r e m e n t s  w e r e  t a k e n  w i t h  an EIL pH 
m e t e r ,  c a l i b r a t e d  a g a i n s t  s t a n d a r d  b u f f e r s  o f  pH 4 . 0 ,  
7 . 0 ,  and 9 « 2 ,  a t  a m b i e n t  t e m p e r a t u r e .
6 . 4  E x t r a c t i o n  o f  t e t r a c y c l i n e s
A w h o l e  b r o t h  ( 2 - 7  d a y s )  was  a d j u s t e d  t o p H  2 . 0  
w i t h  H^SO^ ( 2 0 ^  v / v )  and s t i r r e d  a t  room t e m p e r a t u r e  
f o r  20 m i n u t e s .  The m y c e l i u m  was  r e m o v e d  f r o m  t h e  b r o t h  
by vacuum f i l t r a t i o n ,  and t h e  m e t a b o l i s m  s o l u t i o n  
a d j u s t e d  t o  pH 9 * 0  w i t h  NaOH ( k0%  w / v ) a . F o l l o w i n g  pH 
a d j u s t m e n t ,  t h e  f i l t r . a t e  was  e x t r a c t e d  w i t h  b u t a n - l - o l  
( 3 x 25m l ) ,  t h e  o r g a n i c  l a y e r s  c o m b i n e d  and c o n c e n t r a t e d  
i n  v a c u o  (3j f c )  t o  a v o l u m e  o f  ca  1 0 m l .
a» t e t r a c y c l i n e s  c o u l d  a l s o  be  e x t r a c t e d  a t  pH 2 . 0  i n t o  
b u t a n - l - o l .
6 . 5  Me a s u r e m e n t  o f  r e s i d u a l  g l u c o s e  c o n c e n t r a t i o n
R e s i d u a l  g l u c o s e  c o n c e n t r a t i o n s  i n  f e r m e n t a t i o n
134b r o t h s  was  e s t i m a t e d  by t h e  N e l s o n  me t ho d  . A n h y d r o u s  
Na^HPO^  ( 2 8 g ) ,  NaOH ( 4 g ) ,  s od i um p o t a s s i u m  t a t r a t e  ( 4 0 g )  , 
and GuSO^^HgO ( 8 g )  we r e  d i s s o l v e d  i n  d i s t i l l e d  w a t e r  
( 6 0 0 m l ) .  A nh yd ro us  NagSO^ ( l 8 0 g )  was  s u b s e q u e n t l y  a d d e d
and t h e  s o l u t i o n  f i l t e r e d  a f t e r  s t a n d i n g  a t  a m b i e n t  
t e m p e r a t u r e  f o r  72 h o u r s ,  b e f o r e  b e i n g  made up t o  1 0 0 0 m l .
A r s e n o m o l y b d a t e  r e a g e n t  was  p r e p a r e d  i n  t h e  f o l l o w i n g  
manners  ammonium m o l y b d a t e  ( 25g )  was  d i s s o l v e d  i n  w a t e r  
( 4 5 0 m l ) ,  p r i o r  t o  t h e  a d d i t i o n  o f  c o n c e n t r a t e d  H^SO^ ( 2 1 m l ) .  
D i s o d i u m  a r s e n a t e  ( 3 g )  was  d i s s o l v e d  i n  w a t e r  ( 2 5 m l )  and  
a dded  t o  t h e  f o r m e r  s o l u t i o n .  The r e a g e n t  wa s  t h e n  h e l d  a t  
3 7 0  f o r  48  h o u r s  p r i o r  t o  u s e .
F i l t r a t e  f r om a f e r m e n t a t i o n  b r o t h  ( 2 m l )  was  d i l u t e d  
10 f o l d  and 100  f o l d .  An a l i q u o t  o f  t h i s  s o l u t i o n  ( 2 m l )  
was  m i x e d  w i t h  2ml  o f  t h e  c o p p e r  r e a g e n t  i n  a b o i l i n g  
t u b e  and h e a t e d  f o r  15 m i n u t e s  a t  10C?C. A f t e r  c o o l i n g ,  
an a l i q u o t  o f  t h e  a r s e n o m o l y b d a t e  r e g e n t  ( 2 m l )  was  a d d e d  
and t h e  s o l u t i o n  t h o r o u g h l y  m i x e d  on a w h i r l e y  m i x e r .
A f t e r  s t a n d i n g  f o r  20 m i n u t e s ,  t h e  o p t i c a l  d e n s i t y  was  
m e a s u r e d  a g a i n s t  a w a t e r  b l a n k  a t  520nm.  C o n c e n t r a t i o n s  
w e r e  r e l a t e d  t o  t h e  v a l u e s  o b t a i n e d  f o r  a s t a n d a r d  g l u c o s e  
s o l u t i o n .
6 . 6  P r e p a r a t i o n  o f  w a s h ed  c e l l s
At a r e q u i r e d  p o i n t  i n  t h e  f e r m e n t a t i o n ,  t h e  m y c e l i u m  
w a s  s e p a r a t e d  f rom t h e  b r o t h  by a c e n t r i f u g a t i o n  s t e p  
( 4 0 0 0 r p m ,  l O m i n s . )  The c e l l  mass  was  t h e n  r e s u s p e n d e d  
i n  d i s t i l l e d  w a t e r  ( 50ml )  and g e n t l y  a g i t a t e d  f o r  5 - 1 0  
m i n u t e s .  A s e c o n d  c e n t r i f u g a t i o n  s t e p  was  e m p l o y e d  t o  
p e l l e t  t h e  w a she d  c e l l s .
A v i a b l e  wa sh ed  c e l l  s u s p e n s i o n  f o r  i n c u b a t i o n  
14w i t h  C - l a b e l l e d  p r e c u r s o r s ,  was  o b t a i n e d  t h r o u g h  t h e  
a d d i t i o n  o f  d i s t i l l e d  w a t e r ,  a t  f e r m e n t a t i o n  pH ( c a  7 * 0 ) ,
t o  g i v e  a s o l u t i o n  o f  l g  wet  w e i g h t  m y c e l i u m  p e r  ml o f  
w a t e r .  A l i q u o t s  o f  t h i s  s u s p e n s i o n  ( 2 m l )  w er e  p i p e t t e d  
i n t o  p o l y p r o p y l e n e  c e n t r i f u g e  t u b e s  ( 1 2 0 x30mm), p r i o r  t o  
t h e  a d d i t i o n  o f  p r e c u r s o r s .
146 . 6 . 1  I n c u b a t i o n  o f  w a s h e d  c e l l s  w i t h  C - l a b e l l e d
p r e c u r s o r s
For  w a sh ed  c e l l  i n c u b a t i o n s ,  5 / i C i  o f  a p a r t i c u l a r  
l a b e l l e d  p r e c u r s o r  was  a d d e d  t o  t h e  s u s p e n s i o n  o f  w a s h e d  
m y c e l i u m .  The c e n t r i f u g e  t u b e s  w e r e  t h e n  p o s i t i o n e d  i n s i d e  
250ml c o n i c a l  f l a s k s ,  p a d d e d  w i t h  c o t t o n  w o o l ,  and
O
i n c u b a t e d  f o r  up t o  24 h o u r s  on an o r b i t a l  s h a k e r  a t  2 8 c .
14I n c u b a t i o n s  o f  w as h e d  c e l l s  w i t h  C - l a b e l l e d  p r e c u r s o r s  
w e r e  t e r m i n a t e d  by a d j u s t i n g  t h e  s u s p e n s i o n  t o  pH 2 . 0  ( 2 . 0  M 
H C l ) . A f t e r  a p e r i o d  o f  20 m i n u t e s  t h e  a c i d i f i e d  s u s p e n s i o n s
c lw e r e  c e n t r i f u g e d  t o  o b t a i n  a m y c e l i u m  f r e e  s u p e r n a t a n t  .
a :  On o c c a s i o n  t h e  n e u t r a l  s u p e r n a t a n t  was  r e c o v e r e d  p r i o r
t o  a c i d i f i c a t i o n  o f  t h e  m y c e l i u m ,  i n  o r d e r  t o  d i s t i n g u i s h
14i n t r a -  and e x t r a c e l l u l a r  C m e t a b o l i t e s .
6 . 6 . 2  C e r u l e n i n  i n h i b i t i o n  s t u d i e s
lmg o f  c e r u l e n i n  ( s i g m a )  was  d i s s o l v e d  i n  w a t e r  ( 5 m l )
■}
and s h a k e n  v i g o r o u s l y  t o  a c h i e v e  c o m p l e t e  s o l u t i o n  ( c a  20
m i n u t e s ) .  My c e l i u m ( 4 8  h o u r s )  f rom S .  c a p u e n s i s  was
p r e p a r e d  f o r  a w a she d  c e l l  i n c u b a t i o n .  The c e l l s  w e r e
i n c u b a t e d  w i t h  c e r u l e n i n  ( 2 0 ,  5 0 , and 100 ^ug m l ” 'L ) f o r
60 m i n u t e s ,  on an o r b i t a l  s h a k e r  a t  28°C, p r i o r  t o  t h e  
14a d d i t i o n  o f  C - l a b e l l e d  p r e c u r s o r s .
[ l - ^ C  ] a c e t a t e  ( 5  / i C i )  was  a d d e d  t o  t h e  a c t i v e
p r e p a r a t i o n s  ( a s  w a s [ 2 - ^ G ] m a l o n a t e  (5 | i  C i ) ) ,  and t o  
c o n t r o l  s o l u t i o n s  o f  m y c e l i u m ,  w i t h o u t  c e r u l e n i n .  The  
p r e p a r a t i o n s  w e r e  t h e n  i n c u b a t e d  f o r  120  m i n u t e s ,  b e f o r e  
a d d i n g  HCl t o  g i v e  a p,H o f  2 . 0 .  A f t e r  s t i r r i n g  f o r  a 
p e r i o d  o f  20 m i n u t e s ,  t h e  a c i d i f i e d  mash w a s  c e n t r i f u g e d  
t o  r e c o v e r  t h e  m e t a b o l i s m  s o l u t i o n  c o n t a i n i g  t h e  l a b e l l e d  
m e t a b o l i t e s , ( s e e  a p p e n d i x  f o r  p r e p a r a t i o n  and h a n d l i n g  o f  
r a d i o a c t i v e  m a t e r i a l s ) .
6 . 6 . 3  C h r o m a t o g r a p h i c  s e p a r a t i o n  o f  m e t a b o l i t e s
A c h r o m a t o g r a p h i c  t a n k  was  m a i n t a i n e d  w i t h  t h e  
a q u e o u s  p h a s e  o f  b u t a n o l s a c e t i c  a c i d j w a t e r  ( 4 j l i 5 ) »  i n  t h e  
b a s e .  The o r g a n i c  l a y e r  was  d e l i v e r e d  t o  t h e  t r o u g h ,  and  
t h e  a t m o s p h e r e  i n s i d e  t h e  t a n k  l e f t  t o  e q u i l i b r a t e  o v e r  
24 h o u r s .
14
An a l i q u o t  o f  t h e  C e n r i c h e d  m e t a b o l i s m  s o l u t i o n  
( 1 0 0  ^ul)  was  a p p l i e d  t o  Whatmans No 4 c h r o m a t o g r a p h y  
p a p e r  ( 4 3 x 1 8  cm) f rom a 50 m i c r o c a p  p i p e t t e .  The s o l v e n t  
was  e v a p o r a t e d  b e t w e e n  a p p l i c a t i o n s  i n  a s t r e a m  o f  warm a i r .  
When c o m p l e t e l y  d r y  t h e  p a p e r  was  d e v e l o p e d  by d e s c e n d i n g  
c h r o m a t o g r a p h y  ( 6 - 8  h o u r s ) ,  and t h e n  r e m o v e d  f ro m t h e  
t a n k  and d r i e d  a t  room t e m p e r a t u r e  i n  a fume c u p b o a r d .  A 
s i m i l a r  p r o c e d u r e  was  u s e d  t o  e x a m i n e  t h e  b u t a n o l i c  
e x t r a c t s  o f  f e r m e n t a t i o n  b r o t h s ,  e x c e p t  t h a t  200yul o f  t h e  
m e t a b o l i s m  s o l u t i o n  was  a p p l i e d  t o  t h e  p a p e r .
6 . 6 V i s u a l i s a t i o n  o f  m e t a b o l i t e s
C hr omat ogr ams  we r e  e x a m i n e d  i n i t i a l l y  u n d e r  UV l i g h t  
( 2 5 4  and 3 5 3  n m ) . I n  t h e  c a s e  o f  t e t r a c y c l i n e s ,  a
c h a r a c t e r i s t i c  y e l l o w  f l u o r e s c e n t  z o n e  was  a p p a r e n t  (R^ 0 . 5 -  
O.65  ) ,  whi  ch was  p a r t i c u l a r l y  e n h a n c e d  a f t e r  e x p o s u r e  o f  
t h e  c h ro m a t o g r a m  t o  ammonia v a p o u r .  A c o r r e s p o n d i n g  
d u l l - y e l l o w  z o n e  was  o b s e r v e d  a t  2 5 4  nm. UV a b s o r b i n g  
and f l u o r e s c e n t  z o n e s  w e r e  r e c o r d e d  w i t h  a p e n c i l  p r i o r  
t o  t r e a t i n g  t h e  c h r o m a t o gr a m w i t h  any s p r a y  r e a g e n t s .
A s o l u t i o n  o f  n i n h y d r i n  ( 0 . 2 % w / v  i n  a c e t o n e )  was  
a p p l i e d  t o . - t h e  c h r o m at o g r a m  a s  a n i t r o g e n  g a s  p r o p e l l e d  
s p r a y .  When t h e  s o l v e n t  had e v a p o r a t e d ,  t h e  c h r o m a t o g r a m s
O / .
w e r e  d e v e l o p e d  by h e a t i n g  a t  105C ( 1 0  m i n u t e s ) ,  t h e  
ami no  a c i d s  p r e s e n t  a p p e a r i n g  a s  r e d d i s h - p u r p l e  z o n e s .
I n  t h e  c a s e  o f  a v e r m e c t i n  and d i n a c t i n ,  a s p r a y  c o m p r i s i n g  
v a n i l l i n  *s u l p h u r i c  a c i d  (1% v a n i l l i n  i n  X ' % s u l p h u r i c  a c i d ) .  
The r e s p e c t i v e  c h r o m a t o g r a m s  w e r e  h e a t e d  a t  lOjfc f o r  10  
m i n u t e s ,  w i t h  a v e r m e c t i n  a p p e a r i n g  a s  a g r e y i s h  s p o t  (R^
0 . 9 )  and d i n a c t i n  a p p e a r i n g  a s  a b r i g h t  b l u e  s p o t  (R^ 0 . 9 ) .
6 . 6 . 5  P r o d u c t i o n  o f  an a u t o r a d i o g r a m
A l l  t h e  o p e r a t i o n s  d e t a i l e d  i n  t h i s  s e c t i o n  t o o k
p l a c e  i n  a p u r p o s e  b u i l t  p h o t o g r a p h i c  d a r k r o o m .
1 4
Chr omat ograms  o f  r a d i o a c t i v e  ( C) m e t a b o l i t e s  w e r e  p l a c e d  
i n  c o n t a c t  w i t h  x - r a y  f i l m  (Kodak X-OMAT S) s nd  e n c l o s e d  
i n  two l a y e r s  o f  a l u m i n i u m  f o i l .  The p a c k a g e  was  t h e n  
t r a n s f e r r e d  t o  a l i g h t - t i g h t  d r a w e r  and l e f t  t o  e x p o s e  
f o r  p e r i o d s  o f  up t o  14 d a y s .
The e x p o s e d  f i l m  was  d e v e l o p e d  i n  D19 d e v e l o p i n g  
f l u i d  (Kodak)  f o r  a p e r i o d  o f  5 m i n u t e s ,  w i t h  p e r i o d i c  
g e n t l e  a g i t a t i o n .  A f t e r  w a s h i n g  i n  d i s t i l l e d  w a t e r  t o  
r e mo v e  e x c e s s  d e v e l o p e r ,  t h e  f i l m  was  i m m e r s e d  i n  FX- 40  
f i x a t i v e  ( K o d a k ) ,  f or '  a p e r i o d  o f  t i m e  ( c a  2 - 3  m i n u t e s )
d u r i n g  w h i c h  t i m e  t h e  f i l m  c l e a r e d ;  t h e  t i m e  t a k e n  f o r  
t h i s  e v e n t  was  d o u b l e d  t o  e n s u r e  t h a t  t h e  i m a g e  was  f i x e d .  
A f t e r  t h i s ,  t h e  f i l m  was  t h o r o u g h l y  w a s h e d  i n  r u n n i n g  
w a t e r  (30  m i n u t e s )  and hung up t o  dry  a t  room t e m p e r a t u r e .
An o r a n g e  s a f e l i g h t  was  u s e d  t o  m o n i t o r  a l l  t h e  e v e n t s ,  f rom  
t h e  i n i t i a l  e x p o s u r e  o f  t h e  f i l m  and t h e  c h r o m a t o g r a m ,  t o  
t h e  d e v e l o p i n g  and f i x i n g  s t a g e .  At t h e  p o i n t  a t  w h i c h  
t h e  f i l m  had c l e a r e d ,  t h e  ma i n  l i g h t  c o u l d  b e  s w i t c h e d  o n .
6 . 7  UV e s t i m a t i o n  o f  o x y t e t r a c y c l i n e a
A c i d i f i e d  b r o t h  f i l t r a t e s  f r om o x y t e t r a c y c l i n e  
p r o d u c i n g  o r g a n i s m s ,  pH 2 . 0 ,  w e r e  d i l u t e d  100  f o l d  ( i n  
d u p l i c a t e )  and t h e  a b s o r b a n c e  m e a s u r e d  a t  353  nm> a g a i n s t  
a w a t e r  b l a n k .  The c o n c e n t r a t i o n  o f  OTC was  t h e n  
c a l c u l a t e d  f rom t h e  e x t i n c t i o n  c o e f f i c i e n t ,  E-, ^ , 3 5 3 m 11 =
l y o
2 7 7 .
6 . 8  UV e s t i m a t i o n  o f  r i m o c i d i n a
To a w h o l e  b r o t h  o f  a r i m o c i d i n  p r o d u c i n g  o r g a n i s m  
was  a d de d  an e q u a l  v o l u m e  o f  b u t a n - l - o l  ( c a  5 0 ^ 1 )  • The  
s o l u t i o n  was  v i g o r o u s l y  s t i r r e d  f o r  20 m i n u t e s  a t  room 
t e m p e r a t u r e .  The m i x t u r e  was  t h e n  c e n t r i f u g e d  t o . ' p e l l e t  
t h e  m y c e l i u m  ( ^ 0 0 0  r . p . m ;  10 m i n u t e s ) .  The s u p e r n a t a n t  
was  r e m o ve d  and t h e  a q u e o u s  l a y e r  d i s c a r d e d .  A f u r t h e r  
p o r t i o n  o f  b u t a n - l - o l  ( c a  50 ml )  was  ad de d  t o  t h e  m y c e l i u m  
and s t i r r e d  f o r  an a d d i t i o n a l  20 m i n u t e s ,  p r i o r  t o  a 
f u r t h e r  c e n t r i f u g a t i o n  s t e p  t o  r e m o v e  t h e  m y c e l i u m .  B o t h  
o f  t h e  a l c o h o l i c  ( r i m o c i d i n  r i c h )  e x t r a c t s  w e r e  c o m b i n e d  
and t h e  v o l u m e  r e c o r d e d .  A s a m p l e  was  t h e n  d i l u t e d  200  
f o l d  and t h e  a b s o r b a n c e  m e a s u r e d  a t  30^nm a g a i n s t  a b u t a n - 1 -
o l  b l a n k ,  t h e  c o n c e n t r a t i o n  o f  r i m o c i d i n  was  t h e n  
c a l c u l a t e d  f rom t h e  e x t i n c t i o n  c o e f f i c i e n t  f o r  t h e  
p o l y e n e ,  E-^  , 304nm = 1 0 2 4 .  The v a l u e s  o b t a i n e d  w e r e  t h e n  
e x p r e s s e d  a s  mg m l ” "*" o f  b r o t h ,  c f  F i g  2 . 6 .
a :  a l l  UV a n a l y s e s  w e r e  made on an SP 8 - 1 0 0  UV s p e c t r o ­
p h o t o m e t e r  ( P y e - U n i c a m ) .
6 . 9  E s t i m a t i o n  o f  o x y t e t r a c y c l i n e  c o n c e n t r a t i o n  by
d i s c  b i o - a s s a y  a g a i n s t  B a c i l l u s  s u b t i l i s
B a c t e r i o l o g i c a l  a g a r  ( ? . 5 g )  was  d i s s o l v e d  i n  
b o i l i n g  w a t e r  ( 500ml)  and c o o l e d  t o  a t e m p e r a t u r e  o f  
ca  5 0 ° C. A s p o r e  s u s p e n s i o n  o f  B .  s u b t i l i s  ( 5 m l )  was  
a dded  and t h e  s o l u t i o n  t h o r o u g h l y  m i x e d ,  p r i o r  t o  p o u r i n g  
i n t o  s e v e r a l  p e t r i - d i s h e s  ( s t e r i l i n ) . A i r  b u b b l e s  w e r e  
r e m o v e d  f rom t h e  p o u r e d  p l a t e s  by p a s s i n g  a b u n s e n  f l a m e  
r a p i d l y  o v e r  t h e  s u r f a c e ,  b e f o r e  t h e  a g a r  had s e t .  A 
s t a n d a r d  s o l u t i o n  o f  o x y t e t r a c y c l i n e  h y d r o c h l o r i d e  ( 0 -  
1 0 ,0 0 0  yug m l ” '*') was  p r e p a r e d  i n  w a t e r ,  and a n t i b i o t i c  
a s s a y  p a p e r  d i s c s  ( 5mm d i a m e t e r )  w e r e  i m m e r s e d  i n  t h e  
d i l u t i o n s  o f  t h e  a n t i b i o t i c .
D i s c s  were  a l s o  i m m e r s e d  i n  b r o t h  f i l t r a t e s  (pH 2 . 0 )  
o f  OTC p r o d u c i n g  o r g a n i s m s .  The d i s c s  w e r e  r e m o v e d  and  
s h a k e n  t o  r e m o v e  e x c e s s  m o i s t u r e ,  b e f o r e  b e i n g  p l a c e d  on
t h e  s u r f a c e  o f  t h e  a g a r  p l a t e s  s e e d e d  w i t h  t h e  t e s t
o r g a n i s m .  S u b s e q u e n t l y ,  t h e  p l a t e s  w e r e  i n c u b a t e d  a t  3 7 0
o v e r n i g h t  and t h e  z o n e s  o f  i n h i b i t i o n  ( c l e a r )  w e r e
m e a s u r e d  (mm d i a m e t e r )  and c ompared  w i t h  a n t i b i o t i c  o f  
known c o n c e n t r a t i o n .  A c o m p a r a t i v e  s t u d y  u s i n g  p e n i c i l l i n  
V was  a l s o  p e r f o r m e d  i n  t h e  same m a n n e r .
6 . 1 0  Hi gh p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  (HPLC)
6 . 1 0 . 1  S e p a r a t i o n  and q u a n t i t a t i o n  o f  t e t r a c y c l i n e s
The c h r o m a t o g r a p h i c  s y s t e m  c o m p r i s e d  a pump 
( W a t e r s  a s s o c i a t e s  6 0 0 0 a ) , i n  s e r i e s  w i t h  a 5 - 0 D S  H y p e r s i l  
co l umn (lOOmmx 5 mm i * d ) ,  and a v a r i a b l e  w a v e l e n g t h  d e t e c t o r  
(UV) s e t  a t  3 5 3  nm ( C e c i l  i n s t r u m e n t s  CE 2 1 2 ) .  The m o b i l e  
p h a s e  was  p r e p a r e d  i n  t wo  p h a s e s *  S o l u t i o n  A, c o m p r i s e d  
Na^EDTA ( l 8 m g )  and KNO^ ( 5 * 0 5 5 g ) » d i s s o l v e d  i n  w a t e r  ( 9 5 0 m l ) , 
and t h e  pH a d j u s t e d  t o  4 . 8  w i t h  HNO  ^ ( 3 M ) . The v o l u m e  was  
t h e n  made up t o  1 0 0 0 m l  w i t h  w a t e r .  S o l u t i o n  B , c o m p r i s e d  
d i m e t h y I f o r m a m i d e  ( AR g r a d e ,  BDH, P o o l e ,  D o r s e t ) .  The  
a c t u a l  m o b i l e  p h a s e  f o r  u s e  i n  c h r o m a t o g r a p h y  wa s  t h e n  
made by m i x i n g  t h e  t w o  s o l u t i o n s  i n  t h e  r a t i o  A:B ( 8 5 : 1 5 > v / v )  
w h i c h  was  s u b s e q u e n t l y  d e g a s s e d  p r i o r  t o  u s e .
6 . 1 0 . 2  P r e p a r a t i o n  o f  s t a n d a r d  s o l u t i o n s  o f  t e t r a c y c l i n e s
*
S i n g l e  and m i x e d  s o l u t i o n s  o f  s t a n d a r d  t e t r a c y c l i n e s  
w e r e  p r e p a r e d  i n  d i s t i l l e d  w a t e r ,  a d j u s t e d  t o  pH 2 . 0  w i t h  
HC1 ( 0 . 1 M ) ,  t o  g i v e  f i n a l  c o n c e n t r a t i o n s  o f  50yUg ml""^.
A l l  s t a n d a r d s  w e r e  o b t a i n e d  f rom P f i z e r  C e n t r a l  R e s e a r c h ,  
S a n d w i c h ,  w i t h  t h e  e x c e p t i o n  o f  c h l o r o t e t r a c y c l i n e , w h i c h  
was  k i n d l y ^ s u p p l i e d  by L e d e r l e ,  UK.
6 . 1 0 . 3  P r e p a r a t i o n  o f  f e r m e n t a t i o n  s a m p l e s
Whole  b r o t h s  ( c a  50  ml) . ,  a t  a p p r o p r i a t e  s t a g e s  
i n  a f e r m e n t a t i o n ,  w e r e  a d j u s t e d  t o  pH 2 . 0  w i t h  HCl ( 3 M ) .  
A f t e r  s t i r r i n g  a t  room t e m p e r a t u r e  f o r  30 m i n u t e s ,  t h e  m y c e l i  
was r e move d  by c e n t r i f u g a t i o n  ( 4 0 0 0  r . p . m ;  10 m i n u t e s ) .  The  
s u p e r n a t a n t  was  t h e n  u s e d  d i r e c t l y  f o r  a n a l y s i s  by
HPLC •
6 . 1 0 . 4  C h r o m a t o g r a p h i c  p r o c e d u r e
A s a m p l e  o f  e i t h e r  s t a n d a r d  or  a c i d i f i e d  s u p e r n a t a n t  
( 2 0  ^ l )  was  i n j e c t e d  i n t o  t h e  c h r o m a t o g r a p h  and e l u t e d  
w i t h  t h e  m o b i l e  p h a s e .  R e s u l t a n t  p e a k s  o b t a i n e d  f rom  
f e r m e n t a t i o n  s a m p l e s  w e r e  compared  w i t h  t h o s e  o b t a i n e d  
f ro m t h e  s t a n d a r d  s o l u t i o n s  ( r e l a t i v e  r e t e n t i o n  t i m e )  . The  
a r e a s  u n d e r  t h e  p e a k s  w e r e  c a l c u l a t e d  and r e l a t e d  t o  known  
c o n c e n t r a t i o n s  o f  s t a n d a r d  co mp o u n ds .
6 . 1 1  HPLC a n a l y s i s  o f  ami no  a c i d s
The c h r o m a t o g r a p h i c  s y s t e m  c o m p r i s e d  a s o l v e n t  
d e l i v e r y  u n i t  ( S p e c t r a  P h y s i c s  S P :8 7 0 0 )  i n  s e r i e s  w i t h  
a 5 - 0D S  H y p e r s i l  co l umn (lOOmmx 5ram i * d ) ,  and a 
f l u o r e s c e n c e  d e t e c t o r  ( P e r k i n  Elmer LS3 s p e c t r o p h o t o m e t e r )  
s e t  a t  230nm ( e x c i t a t i o n  w a v e l e n g t h )  and 4 7 0  nm ( e m i s s i o n  
w a v e l e n g t h ) .
6 . 1 1 . 1  M o b i l e  p h a s e
The m o b i l e  p h a s e  c o n s i s t e d  o f  a c e t o n i t r i l e  (HPLC 
g r a d e ;  BDH, P o o l e ,  D o r s e t )  and p h o s p h a t e  b u f f e r  ( 0 . 0 0 0 2 5 M ) ,  
pH 7 * 2 .  T h e s e  t wo  s o l u t i o n s  w e r e  s t o r e d  i n  s e p a r a t e  
b o t t l e s ,  and b o t h  w e r e  c o n t i n u o u s l y  d e g a s s e d  w i t h  a 
s t e a d y  s t r e a m  o f  h e l i u m  g a s  d u r i n g  c h r o m a t o g r a p h y .
6 . 1 1 . 2  p r e p a r a t i o n  o f  p h o s p h a t e  b u f f e r
A nh y d r o u s  NagHPO^ ( 3 * 5 4 9 g )  was  d i s s o l v e d  i n  d e - i o n i s e d  
w a t e r  ( 4 0 0 m l )  and a d j u s t e d  t o  pH 7 * 2  w i t h  HCl ( c o n e )  and  
t h e n  made up t o  50 0 ml  ( 0 . 0 5 M ) .  P r i o r  t o  u s e ,  t h i s  s t o c k
s o l u t i o n  was d i l u t e d  200 f o l d ,  g i v i n g  a w o r k i n g  
c o n c e n t r a t i o n  o f  0 . 0 0 0 2 5 M .
6 . 1 1 . 3  P r e p a r a t i o n  o f  b o r a t e  b u f f e r
A s a t u r a t e d  s o l u t i o n  o f  b o r i c  a c i d  ( 2 0 0 m l ) ,  was  
p r e p a r e d  and f i l t e r e d  when s u f f i c i e n t l y  c o l d .  The  f i l t r a t e  
was  t h e n  a d j u s t e d  t o  pH 9 * 5  w i t h  NaOH ( 4 0 ^ , v / v ) .
6 . 1 1 . 4  P r e p a r a t i o n  o f  d e r i v a t i s a t i o n  m i x t u r e
o - P t h a l a l d i a l d e h y d e  ( 5 0 m g ) , o b t a i n e d  f r om S i g ma ,
was  d i s s o l v e d  i n  a n a l a r  m e t h a n o l  ( 4 . 5 m l ) . -  To t h i s  was
a d d e d  e t h a n e t h i o l  ( 50  y*il) and b o r a t e  b u f f e r  ( 0 . 5m l ) .  The
r e s u l t a n t  s o l u t i o n  was  t h o r o u g h l y  m i x e d  and s t o r e d  i n  t h e  
£
d a r k  a t  4 0  p r i o r  t o  u s e ,  and f o r  no more t h a n  24  h o u r s .
6 . 1 1 . 5  P r e p a r a t i o n  o f  m y c e l i a l  e x t r a c t s  f o r  ami no  a c i d
a n a l y s i s
The m y c e l i u m  f rom a f e r m e n t a t i o n  ( t y p i c a l l y  4  d a y s  o l d )  
was s e p a r a t e d  f rom t h e  b r o t h  by a c e n t r i f u g a t i o n  s t e p  
( 4 0 0 0  r . p . m ;  10 m i n u t e s ) ,  and s u b s e q u e n t l y  w a s h e d  i n  
w a t e r  ( 5 0 m l ) . A s e c o n d  c e n t r i f u g a t i o n  s t e p  was  e m p l o y e d  
t o  o b t a i n  t h e  wa s h e d  c e l l s .  The p e l l e t e d  c e l l s  w e r e  t h e n  
r e s u s p e n d e d  i n  d i s t i l l e d  w a t e r  ( l g  w e t  w e i g h t  m l ” '*') and 
a d j u s t e d  t o  pH 2 . 0  w i t h  HCl ( 3 M) .  A f t e r  s t i r r i n g  f o r  
20 m i n u t e s  t h e  s o l u t i o n  was  c e n t r i f u g e d  a s  b e f o r e  t o  
r e c o v e r  t h e  s u p e r n a t a n t  c o n t a i n i n g  t h e  ami no  a c i d s .  The  
pH o f  t h e  s o l u t i o n  was  t h e n  a d j u s t e d  t o  n e u t r a l  ( N a 0 H, 3 M ) ,  
and f i l t e r e d  t o  r e m o v e  an i n s o l u b l e  r e s i d u e .
6 . 1 1 . 6  D e r i v a t i s a t i o n  p r o c e d u r e
To a s o l u t i o n  o f  t h e  amino  a c i d s  p r e s e n t  i n  t h e  
m y c e l i a l  e x t r a c t  ( l m l )  was  a d d e d  b o r a t e  b u f f e r  ( l m l )  and  
an a l i q u o t  o f  t h e  d e r i v a t i s i n g  s o l u t i o n  ( 0 . 5 m l ) .  A n a l a r  
m e t h a n o l  ( 2 . 5ml )  was  a d d e d ,  and t h e  s o l u t i o n  s h a k e n  a t  
room t e m p e r a t u r e  f o r  1 m i n u t e .  A y e l l o w  c o l o u r  d e v e l o p e d  
i n  c o n j u n c t i o n  w i t h  an i n c r e a s e  i n  t e m p e r a t u r e  o f  t h e  
r e a c t i o n  m i x t u r e .  On o c c a s i o n ,  a f l o c c u l a n t  p r e c i p i t a t e  
( br o wn )  d e p o s i t e d  a f t e r  a f e w  m i n u t e s  s t a n d i n g .  T h i s  was  
r e mo v e d  by - f i l t r a t i o n ,  p r i o r  t o  i n j e c t i o n  i n t o  t h e  
c h r o m a t o g r a p h .  S t a n d a r d  a s p a r t i c  and g l u t a m i c  a c i d  
(10  yumoles  ml ^) w er e  a l s o  p r e p a r e d  i n  t h e  b o r a t e  b u f f e r  
and d e r i v a t i s e d  i n  t h e  same f a s h i o n ,  b e f o r e  v e r i f i c a t i o n  
o f  t h e i r  r e l a t i v e  r e t e n t i o n  t i m e .
6 . 1 1 . 7  C hr o m a t o g ra ph y  o f  t h e  d e r i v a t i v e s
A f t e r  d e r i v a t i s a t i o n , a s a m p l e  o f  t h e  m i x t u r e  
(10  yul)  was  i n j e c t e d  i n t o  t h e  c h r o m a t o g r a p h  and s e p a r a t e d  
by g r a d i e n t  e l u t i o n  i n  a c e t o n i t r i l e - p h o s p h a t e  b u f f e r  
( 5 - ^ 9 %  a c e t o n i t r i l e  o v e r  a k $  m i n u t e  p e r i o d .  C o n f i r m a t i o n  
o f  t h e  p r e s e n c e  o f ^ a s p a r t a t e  and g l u t a m a t e  i n  m y c e l i a l  
e x t r a c t s  was  c o n f i r m e d  by s p i k i n g  an e x t r a c t  w i t h  t h e  
s t a n d a r d s ,  and r e - c h r o m a t o g r a p h i n g . 1
6 . 1 2  O p t i m i s a t i o n  o f  i n c o r p o r a t i o n  o f  [ l - ~ ^ C  ] a c e t a t e  
i n t o  o x y t e t r a c y c l i n e  by S* c a p u e n s i s
V e g e t a t i v e  m y c e l i u m  ( 2 k  h o u r s )  f rom S.  c a p u e n s i s  
was u s e d  t o  i n o c u l a t e  f l a s k s  o f  f e r m e n t a t i o n  medium and  
grown on an o r b i t a l  s h a k e r  a t  2 8 c .  10 ^uCi o f  [ 1 - ^ C  J a c e t a t e
( e x  Amersham) was  a dd e d  t o  a s o l u t i o n  o f  u n l a b e l l e d  
s o d i u m a c e t a t e  (5^mg)  i-n d i s t i l l e d  w a t e r  ( 3 m l ) .  T h i s  
p r e c u r s o r  s o l u t i o n  was  a d d e d  t o  t h e  g r o w i n g  c u l t u r e  o f  
S.  c a p u e n s i s  a t  p r e d e t e r m i n e d  s t a g e s ,  eg 2^ ,^8  and ?2  
h o u r s ,  i n  e q u a l  p o r t i o n s ,  a s  a f i l t e r  s t e r i l i s e d  s o l u t i o n .  
A f t e r  t h e  r e q u i r e d  t i m e  o f  i n c u b a t i o n  ( c f  T a b l e  5 » l ) »  t h e  
c u l t u r e s  w e r e  h a r v e s t e d  by a c i d i f i c a t i o n  t o  pH 2 . 0  w i t h  
HgSO^ ( 5 v / v ) . A f t e r  s t i r r i n g  t h e  b r o t h  a t  room  
t e m p e r a t u r e  f o r  a p e r i o d  o f  20 m i n u t e s ,  t h e  mash was  
f i l t e r e d  and t h e  y e l l o w - b r o w n  s o l u t i o n  a s s a y e d  f o r  OTC 
c o n t e n t  by UV a s s a y  ( 3 5 3 n m ) . An a l i q u o t  o f  t h i s  s o l u t i o n  
( 100yul)  was  t h e n  a p p l i e d  t o  a c h r o m a t o g r a p h y  p a p e r  and  
d e v e l o p e d  i n  BAW. A f t e r  d r y i n g  t h e  c h r o m a t o g r a m ,  t h e  
z o n e  c o r r e s p o n d i n g  t o  t h e  a n t i b i o t i c  was  c u t  o u t ,  and  
e l u t e d  w i t h  m e t h a n o l i c  HC1 ( 1 0 m l ) .
An a l i q u o t  o f  t h i s  e x t r a c t ( 0 . 5  ml )  was  m i x e d  w i t h  
a l i q u i d  s c i n t i l l a n t  ( N E . 2 5 0 )  and c o u n t e d  f o r  a c t i v i t y .
The s o l u t i o n s  w e r e  b r i g h t l y  c o l o u r e d ,  and w e r e  t h e r e f o r e  
c o r r e c t e d  f o r  q u e n c h i n g  by t h e  a d d i t i o n  o f  a s t a n d a r d  
number o f  c o u n t s  o f  a c t i v i t y .  From t h e  v a l u e s  o b t a i n e d ,  
t h e  e f f i c i e n c y  o f  i n c o r p o r a t i o n  o f  a c e t a t e  was  c a l c u l a t e d  
( c f  T a b l e  5 *1 ) ■
A s i m i l a r  p r o t o c o l  was  a d o p t e d  f o r  t h e  i n c o r p o r a t i o n  
o f  [ 2 - ^ C  J m a l o n i c  a c i d  ( c f  T a b l e  5 * 2 ) .
6 . 1 2 . 1  A t t e m p t e d  r e c o v e r y  o f  OTC by p r e p a r a t i v e  p a p e r
c h r o m a t o g r a p h y
F o l l o w i n g  i n c o r p o r a t i o n  o f  { l - ^ C  ] a c e t a t e  ( l 2 5 m g ,  90  
atom%, ex  Pr oc he m)  a t  2 b ,  ^8 and 72 h o u r s  i n t o
S.  c a p u e n s i s  ( 4  f l a s k s )  t h e  c u l t u r e s  w e r e  h a r v e s t e d  a t
9 6  h o u r s .  A l l  f o u r  b r o t h s  w e r e  p o o l e d  and a c i d i f i e d  t o
pH 2 . 0  (H^SO^) and s t i r r e d  a t  room t e m p e r a t u r e  f o r  30
m i n u t e s .  F o l l o w i n g  f i l t r a t i o n  o f  t h e  m a s h  i t  w a s
a d j u s t e d  t o  pH 9*0  w i t h  NaOH and e x h a u s t i v e l y  e x t r a c t e d
w i t h  b u t a n - l - o l .  The  a l c o h o l i c  e x t r a c t s  w e r e  c o m b i n e d
and e v a p o r a t e d  t o  a v o l u m e  o f  10 ml i n  v a c u o  ( 3 i f c ) .  The
s o l u t i o n  was  s u b s e a u e n t l y  f i l t e r e d  t o  r e m o v e  p r e c i p i t a t e d
s od i u m s a l t s  and a p p l i e d  t o  s h e e t s  o f  Whatmans 3mm p a p e r
( 2 0 ) .  T h e s e  w er e  d e v e l o p e d  i n  BAW f o r  a p p r o x i m a t e l y  15
h o u r s .  A f t e r  d r y i n g  t h e  p a p e r s ,  t h e  OTC w a s  l o c a t e d  and
c u t  ou t  f r om t h e  p a p e r e s  b e f o r e  b e i n g  i m me r s e d  i n  a
s o l u t i o n  o f  m e t h a n o l i c  HCl ( 1 0 0 m l ) . A f t e r  s t i r r i n g  f o r
1 . h o u r  t h e  y e l l o w  s o l u t i o n  was  f i l t e r e d  and c o n c e n t r a t e d  i n
v a c u o  t o  d r y n e s s .  A f t e r  t h o r o u g h  d r y i n g  o v e r  s i l i c a  g e l ,
t h e  r e s i d u e  was  t a k e n  up i n  a s o l u t i o n  o f  DgO - ( l m l )  .and 
13s u b j e c t e d  t o  C nmr a n a l y s i s  on a B r u k e r  WH 90 nmr 
s p e c t r o m e t e r .
T h e  r e s u l t s  w e r e  p o o r  d u e  t o  t h e  p o o r  q u a l i t y  o f  
p r o d u c t  o b t a i n e d .  R e - c h r o m a t o g r a p h y  o f  t h e  e x t r a c t  
d i d  n o t  i m p r o v e  t h e  s p e c t r a l  a n a l y s i s  a n d  a  m o r e  e f f i c i e n t  
r e c o v e r y  p r o c e d u r e  w a s  d e s i g n e d .
136 . 1 3  I n c o r p o r a t i o n  o f  [ l -  C j a c e t a t e  i n t o  o x y t e t r a c y c l i n e
by S.  r i m o s u s  ( 1 7 1 0 1 )
13[ l -  C ] a c e t a t e  ( 90  atom%, ex  Pr oc he m)  was  a dd e d  t o  
g r o w i n g  c u l t u r e s  o f  S .  r i m o s u s  ( P f i z e r  s t r a i n  1 7 1 0 1 )  i n  
f o u r  f l a s k s  ( 50ml p e r  f l a s k ) , i n  a l i q u o t s  o f  20 mg p e r  
f e e d  a t  2 4 , 4 8  and 72 h o u r s .  At 96  h o u r s  t h e  f e r m e n t a t i o n
was  t e r m i n a t e d .  The f e r m e n t a t i o n  pH o f  e a c h  f l a s k  was  
r e c o r d e d  ( 7 . 3 )> b e f o r e  t h e y  w e r e  p o o l e d  and a d j u s t e d  t o  
pH 2 . 0  w i t h  HgSO^ ( 5 0 $  v / v ) . A f t e r  s t i r r i n g  a t  a m b i e n t  
t e m p e r a t u r e  f o r  30 m i n u t e s ,  t h e  mash was  f i l t e r e d  t o  
y i e l d  a g o l d e n  c o l o u r e d  s o l u t i o n  ( 200m l ) ,  a s s a y i n g  a 
t o t a l  OTC c o n t e n t  o f  6 4 3 m g , a s  j u d g e d  by UV a s s a y  ( 3 5 3 n m ) .
Na^FeGN6 ( 50mg) and ZnSO^ ( 30mg) was  a dd e d  t o  t h e  
s o l u t i o n  t o  p r e c i p i t a t e  p r o t e i n .  F o l l o w i n g  r e m o v a l  o f  t h e  
f l o c c u l a n t  p r e c i p i t a t e , u s i n g  a f i l t e r  a i d ,  t h e  s o l u t i o n  
was  c o n c e n t r a t e d  i n  v a c u o  (35°C)> t o  a v o l u m e  o f  6 0 m l .
The pH o f  t h e  OTC r i c h  s o l u t i o n  was  a d j u s t e d  t o  4 . 7  w i t h  
NaOH ( 4 0 $  w / v )  and s t i r r e d  f o r  l h o u r  a t  a m b i e n t  t e m p e r a t u r e .  
OTC f r e e - b a s e  was  h a r v e s t e d  by f i l t r a t i o n  and d r i e d  o v e r  
s i l i c a  g e l  i n  a vacuum d e s i c c a t o r  f o r  24 h o u r s  ( y i e l d : 5 4 2 m g ) .
OTC (250mg)  was  s u s p e n d e d  i n  AR. m e t h a n o l  ( 8m l ) ,  
and c o n c . H C l  adde d  d r o p w i s e ,  f rom a P a s t e u r  p i p e t t e ,  u n t i l  
a c o m p l e t e  s o l u t i o n  was  o b t a i n e d  ( 4  d r o p s ) .  The b r i g h t  
y e l l o w  s o l u t i o n  was  s t i r r e d  i n  an i c e - w a t e r  b a t h  f o r  
2 h o u r s ,  a f t e r  w h i c h  t i m e  c r y s t a l l i n e  0TC.HC1 was  c o l l e c t e d  
by f i l t r a t i o n ,  w a s h ed  w i t h  i c e - c o l d  m e t h a n o l  ( l m l ) ,  and  
d r i e d  o v e r  s i l i c a  g e l  f o r  24 h o u r s ,  ( y i e l d :  1 9 5 mS (7&%)  ) •
The m e l t i n g  p o i n t  o f  t h e  p r o d u c t  wa s  d e t e r m i n e d  on a
o
K o f f l e r  h o t  s t a g e  m i c r o s c o p e  ( 1 9 8 - 2 0 0 C  w i t h  d e c o m p o s i t i o n ) .
13[ l -  C ] a c e t a t e - d e r i v e d  0TC.HC1 t h u s  o b t a i n e d  was  
13e x a m i n e d  by ^C nmr s p e c t r o s c o p y .  50™g o f  t h e  p r o d u c t  
was  d i s s o l v e d  i n  d e u t e r a t e d  d i m e t h y l s u l p h o x i d e  ( l m l ) ,  i n  
a 10mm nmr p r o b e  and s c a n n e d  a t  a m b i e n t  t e m p e r a t u r e  
o v e r n i g h t  ( 9 0 . 5 2 M H z ) .
1 36 . 1 3 * 1  I n c o r p o r a t i o n  0 1 ( 1 , 2 -  Gq ] a c e t a t e  I n t o  
o x y t e t r a c y c l i n e  by S.  r i m o s u s  ( 1 7 1 0 1 )
2^ 0mg o f  [1 , 2 - "^C2 J a c e t a t  e (90  a t om^)  was  p u l s e  f e d  
t o  c u l t u r e s  o f  S .  r i m o s u s  ( 4  f l a s k s ' ) ,  a s  d e p i c t e d  i n  t h e  
p r e v i o u s  s u b - s e c t i o n .  The f e r m e n t a t i o n s  w e r e  t e r m i n a t e d  
a f t e r  96 h o u r s ,  by a d j u s t i n g  t h e  pH t o  2 . 0  w i t h  H2 S0^ . 
F o l l o w i n g  f i l t r a t i o n  o f  t h e  mash,  t h e  t o t a l  OTC c o n t e n t  
was  d e t e r m i n e d  by UV a s s a y  (672mg i n  2 0 0 m l ) , b e f o r e  
d e p r o t e i n i s i n g  t h e  s o l u t i o n  i n  t h e  a p p r o p r i a t e  wa y .  A f t e r  
r e m o v a l  o f  t h e  f l o c c u l a n t  p r e c i p i t a t e ,  t h e  v o l u m e  was  
r e d u c e d  i n  v a c u o  t o  60ml ,  b e f o r e  p r e c i p i t a t i n g  t h e  f r e e  
b a s e  o f  t h e  a n t i b i o t i c  a t  pH 4 . ?  w i t h  NaOH.
OTC was  r e c o v e r e d  and d r i e d  o v e r  s i l i c a  g e l  and  
y i e l d e d  5 ^ 2 m g . A p o r t i o n  o f  t h i s  p r o d u c t  ( 20 0 mg )  was  
c o n v e r t e d  t o  i t s  c r y s t a l l i n e  h y d r o c h l o r i d e  i n  m e t h a n o l i c  
HC1 ( 5 m l ) ,  y i e l d  l ?3mg  ( 8 1 ^ ) *  The m e l t i n g  p o i n t  wa s
O
d e t e r m i n e d  a s  1 9 9 - 2 0 2 C ,  w i t h  d e c o m p o s i t i o n .  C nmr 
a n a l y s i s  ( 9 0 • 52MHz) was  n o t  e n t i r e l y  s u c c e s s f u l ,  t h r o u g h  
p o o r  r e s o l u t i o n  o f  some o f  t h e  r e s o n a n c e s .  S u b s e q u e n t  
i n v e s t i g a t i o n  o f  t h e  m a t e r i a l  was  p e r f o r m e d  a t  6 2 . 9  MHz, 
and d i d  n o t  e n c o u n t e r  t h e  same p r o b l e m s .
1 36 . 1 3 . 2  I n c o r p o r a t i o n  o f [ l , 2 -  Cp j m a l o n a t e  i n t o  
o x y t e t r a c y c l i n e  by S.  r i m o s u s  ( l ? 1 0 l )
2 -^Omg o f  [ 1 , 2 - "^ C2 J m a l o n a t e  (90 atom%) was  p u l s e  f e d
t  0 c u l t u r e s o f S .  r i m o s u s , i n t h e  u s u a l  m a n n e r .  A f t e r
96 hour s t h e f e r m e n t a t i o n  wa s t e r m i n a t e d  by a d j u s t m e n t
o f t h  e pH t o 2 .0 w i t h  H2 S 0^ • I n t e r e s t i n g l y ,  t h e  f e r m e n t a t i o n
pH was 1 ower (pH 6 . 8 ) t h a n had b e e n  o b s e r v e d  f o r  t h e
a c e t a t e  i n c o r p o r a t i o n s .  T h i s  w a s  r e f l e c t e d  i n  a  r e d u c e d
a p p a r e n t  y i e l d  o f  OTC (UV a s s a y ) ,  w h i c h  was  r e c o r d e d  a s
4 3 2 mg .  A f t e r  t r e a t m e n t  o f  t h e  b r o t h  f i l t r a t e  t o  r e m o v e
p r o t e i n s ,  and c o n c e n t r a t i o n  o f  t h e  f i l t r a t e  t o  a v o l u m e
o f  25ml  i n  v a c u o , OTC f r e e  b a s e  was  p r e c i p i t a t e d  a t  pH
4 . 7 .  The d r i e d  p r o d u c t  w e i g h e d  391  mg. A p o r t i o n  ( 2 0 0 mg )
was  c r y s t a l l i s e d  a;s t h e  h y d r o c h l o r i d e ,  y i e l d  123mg ( 6 l . 5 / 0 »
m e l t i n g  p o i n t  1 9 8 - 2 0 2 C  w i t h  d e c o m p o s i t i o n .  S u b s e q u e n t
13a n a l y s i s  o f  t h e  m a t e r i a l  by C nmr was  n o t  e n t i r e l y  
s a t i s f a c t o r y ,  b e c a u s e  o f  p o o r  r e s o l u t i o n  o f  t h e  C-2  
s i g n a l .  Low o v e r a l l  e n r i c h m e n t  p r e c l u d e d  f u r t h e r  a n a l y s i s .
136 . 1 3 . 3  I n c o r p o r a t i o n  o f [ l , 2 , 3 -  Cp]m a l o n a t e  i n t o  
o x y t e t r a c y c l i n e  by S .  r i m o s u s  ( 1 7 1 0 1 )
240mg o f  [ 1 ,  2 , 3 - J ma l o n a t e  was  p u l s e  f e d  t o  
c u l t u r e s  o f  S.  r i m o s u s  a s  d e s c r i b e d  e a r l i e r .  A f t e r  9 6 
h o u r s  t h e  f e r m e n t a t i o n  pH was  r e c o r d e d  ( 6 . 7 ) b e f o r e  
b e i n g  a d j u s t e d  t o  2 . 0  w i t h  H^SO^. F o l l o w i n g  f i l t r a t i o n  
o f  t h e  mash t h e  OTC c o n c e n t r a t i o n  was r e c o r d e d  ( 4 l l m g  i n  
1 9 3 ^1  b r o t h  f i l t r a t e ) .  A f t e r  d e p r o t e i n i s a t i o n  and 
c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  t o  22ml i n  v a c u o , t h e  
f r e e  b a s e  o f  t h e  a n t i b i o t i c  was  p r e c i p i t a t e d  a t  pH 4 . 7  
w i t h  NaOH.
The d r i e d  p r o d u c t  w e i g h e d  3 7 2 m g , f ro m w h i c h  200mg  
was c r y s t a l l i s e d  a s  t h e  h y d r o c h l o r i d e  i n  m e t h a n o l i c  HCl ,  
y i e l d :  127mg ( 6 3 *5/^)» m e l t i n g  p o i n t  197 - 2 0 0 C w i t h
13
d e c o m p q s i t i o n . T h e  p r o d u c t  ( 5 O m g )  w a s  e x a m i n e d  b y  C 
n m r  s p e c t r o s c o p y  ( 6 2 . 9 MHz )
1 3  1 86 . 1 3 . 4  I n c o r p o r a t i o n  o f [ l -  C» O j a c e t a t e  i n t o
o x y t e t r a c y c l i n e  by S- r i m o s u s  ( 1 7 1 0 1 )
125mg o f  ( 1 - ^ ^ C, ^ 0  ) a c e t a t e  (.90 a t o m ^ , ^ ^ C:  99 . . .atom^,
18 0 ; o b t a i n e d  f r om Dr T.  S i m p s o n )  was  p u l s e  f e d  t o  
g r o w i n g  c u l t u r e s  o f  S .  r i m o s u s  (2  f l a s k s )  a t  2 4 , 4 8 ,  and  
?2 h o u r s .  A f t e r  96 h o u r s  t h e  f e r m e n t a t i o n  was  t e r m i n a t e d  
by a d j u s t m e n t  o f  t h e  pH t o  2 . 0  w i t h  H^SO^. A f t e r  f i l t r a t i o n  
o f  t h e  a c i d i f i e d  mas h ,  t h e  OTC was a s s a y e d  a s  237mg i n  
90m l .  Na^FeCN^ ( 25mg) and ZnSO^ ( l 5mg) w e r e  a dded  t o  
d e p r o t e i n i s e  t h e  s o l u t i o n ,  w h i c h  was  s u b s e q u e n t l y  r e d u c e d  
i n  v a c u o  t o  a v o l u m e  o f  1 5 m l .  The OTC was  p r e c i p i t a t e d  a s  
t h e  f r e e  b a s e  a t  pH 4 . 7  w i t h  NaOH and d r i e d  t o  y i e l d  
115mg o f  p r o d u c t .
A l l  o f  t h i s  m a t e r i a l  was  s u s p e n d e d  i n  a n a l a r  m e t h a n o l
( 2 m l )  and c o n e  HC1 a d d e d  (2  d r o p s )  t o  f or m a c l e a r
s o l u t i o n .  A f t e r  s t a n d i n g  i n  an i c e - w a t e r  b a t h  f o r  1
h o u r  t h e  c r y s t a l l i n e  h y d r o c h l o r i d e  was r e c o v e r e d  and
d r i e d  o v e r  s i l i c a  g e l ,  y i e l d  53mg ( 4 6 ^ ) ,  m e l t i n g  p o i n t
1 9 8 - 2 0 0  c C w i t h  d e c o m p o s i t i o n .  The p r o d u c t  was  t h e n  e x a m i n e d  
13by J C nmr s p e c t r o s c o p y  ( 9 0 . 56 MHz).
136 . 1 3 . 5  I n c o r p o r a t i o n  o f [ l -  J Q , 2 C D ^ J a c e t a t e  i n t o  
o x y t e t r a c y c l i n e  by S .  r i m o s u s  ( 1 7 1 0 1 )
240mg o f  [ 1 - ,  2 CD  ^ J a c e t a t e  was  (90  a t om^ )  was  
p u l s e  f e d  t o  c u l t u r e s  o f  S .  r i m o s u s  ( 4  f l a s k s )  i n  t h e  
p r e v i o u s l y  d e s c r i b e d  ma n n e r .  A f t e r  96 h o u r s  t h e  f e r m e n t a t i o n  
was  t e r m i n a t e d  by a d j u s t m e n t  o f  t h e  pH t o  2 . 0  w i t h  Ho S0.  .2 Hr
A f t e r  f i l t r a t i o n  , t h e  b r o t h  a s s a y e d  462mg o f  OTC i n  180  
m l .  F o l l o w i n g  d e p r o t e i n i s a t i o n , t h e  s o l u t i o n  was
c o n c e n t r a t e d  t o  a v o l u m e  o f  2 5ml i n  v a c u o , b e f o r e  t h e  
a n t i b i o t i c  was  h a r v e s t e d  a s  t h e  f r e e  b a s e  ( 2 4 7 mg )  . A 
p o r t i o n  o f  t h i s  ( 20 0 mg )  was  c r y s t a l l i s e d  a s  t h e  
h y d r o c h l o r i d e  s a l t  i n  m e t h a n o l i c  HCl ( 3 m l )  . The  
b r i g h t  y e l l o w  p r o d u c t  was  h a r v e s t e d  a f t e r  1 h o u r  o f  
s t i r r i n g  i n  an i c e - w a t e r  b a t h ,  y i e l d  l l 4 m g  ( 5 7 %) >  m e l t i n g
O
p o i n t  1 9 9 - 2 0 2 C  w i t h  d e c o m p o s i t i o n .  The p r o d u c t  was
13t h e n  a n a l y s e d  by J C nmr s p e c t r o s c o p y  ( 9 0 . 56MHz) .
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APPENDIX
7 . 1  C o m p o s i t i o n  o f  g r o w t h  m e d i a  
ATCC 5 ( S .  p l a t e n s i s )
Y e a s t  e x t r a c t l . o  g l ' 1
B e e f  e x t r a c t 1 . 0  g l - 1
Trypt  o s e 2 . 0  g l ' 1
Fe  S 0 ^ . 7 H 2 0 T r a c e
G l u c o s e 1 0 . 0  g l " 1
B a c t e r i o l o g i c a l  a g a r 4 0 . 0  g l " 1
D i s t i l l e d  w a t e r  1 0 0 0  ml
S o l u t i o n  a d j u s t e d  t o  pH 7 . 2  (NaOH) p r i o r  t o  a u t o c l a v i n g  
a t  1 2 1 ° C f o r  15 m i n u t e s .
P h a g e  p l a q u e  ( S.  a u r e o f a c i e n s , S.  a v e l l e n e u s ,  S .  p s a m m o t i c u s , 
and S.  v i r i d i f a c i e n s )
Corn s t e e p  po wde r 4 . 5  g l ' 1
MgS0^. 7H2 0 0 . 2 5  g l '
K2 HP04 2 . 0  g l ' 1
( h V 2 hp<\ 2 . 0  g l " 1
S u e r o  s e 1 0 . 0  g l ' 1
B a c t e r i o l o g i c a l  a g a r 4 0 . 0  g l ' 1
D i s t i l l e d  w a t e r  1 0 0 0  ml
S o l u t i o n  a d j u s t e d  t o  pH 6 . 4  (NaOH) p r i o r  t o  a u t o c l a v i n g  
a t  1 2 1 ° C f o r  15 m i n u t e s .
Emerson ( S.  r i m o s u s  ( G 6 ) ; ( G 7 ) »  S.  c a p u e n s i s , S .  c a t t l e y a ,
S.  l i p m a n i i ,  S.  o l i v a c e u s ,  S .  g l a u c e s c e n s , S .  a v e r m e c t i s , 
S t r e p t o m y c e s  s p p . ( 3 2 8 6 1 )
Emerson a g a r  iTs a r e a d y  p r e p a r e d  n u t r i e n t  medium and was  
o b t a i n e d  f r om P f i z e r  C e n t r a l  R e s e a r c h ,  S a n d w i c h
Emerson a g a r  ^ 0 . 0  g l  1
D i s t i l l e d  w a t e r  1 00 0  ml
o
A u t o c l a v e d  a t  121  C f o r  15 m i n u t e s
Emerson + N a C l - ( S t r e p t o m y c e s  s p p . (FM 5 3 9 0 )  )
Emerson a g a r  4 0 . 0  g l  1
NaCl  ^ . 0  g l "1
D i s t i l l e d  w a t e r  1 0 0 0  ml
7 •2 C o m p o s i t i o n  o f  l i q u i d  ( i n o c u l u m )  m e d i a
G l u c o s e - b a s e d  i n o c u l u m  ( a l l  o r g a n i s m s  e x c e p t :  S.  a u r e o f a c i e n s , 
S.  a v e l l e n e u s , S.  p s a m m o t i c u s , and S.  v i r i d i f a c i e n s )
G l u c o s e  1 0 . 0  g l "1
L a c t a l b u m i n  h y d r o l y s a t e  1 5 . 0  g l "1
Y e a s t  e x t r a c t  5 . 0  g l "1
CaCO^ 1 . 0  g l "1
D i s t i l l e d  w a t e r  1 0 0 0  ml
S o l u t i o n  a d j u s t e d  t o  pH 7 »2 (NaOH) p r i o r  t o  a u t o c l a v i n g  
a t  121  C f o r  15 m i n u t e s .
S u c r o s e - b a s e d  i n o c u l u m
S u c r o s e  1 0 , 0  g l  1
Corn s t e e p  p ow d er  7 - 5  g l  ^
CaCO 1 . 0  g l ' 1
MgS0J+.?H2 0 0 . 2 5  g l ' 1
D i s t i l l e d  w a t e r  1 0 0 0  ml
S o l u t i o n  a d j u s t e d  t o  pH 6 . 8  (NaOH) p r i o r  t o  a u t o c l a v i n ,  
a t  1 2 1 ° C f o r  15 m i n u t e s .
7 »3 C o m p o s i t i o n  o f  f e r m e n t a t i o n  m e d i a
G l u c o s e - b a s e d  ( a l l  o r g a n i s m s  e x c e p t  :S .  a u r e o f a c i e n s ,
S .  a v a l l e n e u s ,  S.  p s a m m o t i c u s ,  and S.  v i r i d i f a c i e n s .
G l u c o s e  6 0 . 0  g l  1
L a c t a l b u m i n  h y d r o l y s a t e  15* 0  g l  1
Y e a s t  e x t r a c t  5*0  g l  1
NaN0^ 2 . 0  g l " 1
CaCO^ 1 . 0  g l - 1
C o C ^ ^ H g O  T r a c e
MgS0^. ?H2 0 0 . 1 5  g l " 1
ZnS04 . ? H 2 0 0 . 0 7 5  g l ' 1
D i s t i l l e d  w a t e r  1 0 0 0  ml
S o l u t i o n  a d j u s t e d  t o  pH 7 . 2  (NaOH) p r i o r  t o  a u t o c l a v i n g  
a t  1 2 1 ° C f o r  15 m i n u t e s .
M o d i f i e d ,  s t a r e d  f e r m e n t a t i o n  m e d i u m
M o d i f i e d  s t a r c h  ( S n o f l a k e )  2 0 . 0  g l  1
Corn s t e e p  p o wd e r  1 0 . 0  g l  1
NH^Cl 5 . 0  g l - 1
MgS0v 7H2 0 0 . 2  g l - 1
F e S 0 ^ . 7 H 2 0 T r a c e
C o C l g ^ H g O  T r a c e
CaCO^ 1 . 0  g l " 1
So ya  b e a n  o i l  2 . 0 m l
D i s t i l l e d  w a t e r  1 00 0  ml
S o l u t i o n  a d j u s t e d  t o  pH 6 . 8  (NaOH) p r i o r  t o  a u t o c l a v i n g  
a t  1 2 1 ° C f o r  15 m i n u t e s .
7 . 4  P r e p a r a t i o n  and h a n d l i n g  o f  r a d i o a c t i v e  m a t e r i a l s
/ 1 4  3 5 \A l l  r a d i o a c t i v e l y  l a b e l l e d  p r e c u r s o r s  ( C and S)  
w e r e  o b t a i n e d  f r om Amersham ( r a d i o c h e m i c a l  c e n t r e ) .  I n  
g e n e r a l  t h e  m a t e r i a l s  a r r i v e d  a s  f r e e z e - d r i e d  s o l i d s ,  s e a l e d  
i n  g l a s s  a m p o u l e s ,  a l t h o u g h  t h e  ami no  a c i d s  a r r i v e d  a s  
s o l u t i o n s  ( c o n t a i n i n g  0 .2% e t h a n o l ) .
Each compound was  made up i n  a s o l u t i o n  o f  w a t e r
— X( c o n t a i n i n g  0 . 2 % e t h a n o l )  t o  g i v e  an a c t i v i t y  o f  40  yuCi ml ,
t h e s e  w e r e  s u b s e q u e n t l y  s t o r e d  i n s i d e  m e t a l  c o n t a i n e r s  a t  
. ©
4 C. A l l  o p e r a t i o n s  we r e  c a r r i e d  o u t  w e a r i n g  a d e q u a t e  
p r o t e c t i v e  c l o t h i n g .  A d d i t i o n s  o f  p r e c u r s o r s  t o  c u l t u r e s  
w e r e  made i n  a d e s i g n a t e d  r a d i o c h e m i c a l  l a b o r a t o r y ,  and  
a f t e r  t h e  t e r m i n a t i o n  o f  e x p e r i m e n t s ,  t h e  r e s i d u e s  
c o n t a i n i n g  a c t i v e  w a s t e  w e r e  d i s p o s e d  o f  i n  g l a s s  b o t t l e s ,  
w h i l s t  a l l  r e u s a b l e  i m p l e m e n t s  w e r e  s o a k e d  i n  a s o l u t i o n  o f
Decon  90 ( d e t e r g e n t ) ,  t o  r e m o v e  r e s i d u a l  a c t i v i t y ,   ^ '
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Oxytetracycline Biosynthesis: M ode of Incorporation of [1 -13C]- and 
[1,2 -13C2] - Acetate
Robert Thomas* and David J. Williams
Biotechnology Unit and Chemistry Department, University of Surrey, Guildford, Surrey GU2 5SX, U.K.
Determination of the mode of incorporation of [1 - 13C]- and [1 ,2 -r3C2]-acetate into oxytetracycline by 
Streptomyces rimosus, has established the exclusive polyketide origin of the tetracyclic nucleus and the 
direction of folding of a hypothetical linear intermediate.
n.m.r. spectroscopy. This unambiguously demonstrates the 
exclusive polyketide origin o f  the tetracyclic skeleton o f  (1) 
and, assuming a linear intermediate, its mode o f  folding; it 
also implies a corresponding pathway for the biosynthesis o f  
the 2-acetyl-2-decarboxamido-analogue (2).
Following an autoradiographic investigation o f the opti­
mum conditions for [ l-14C]acetate incorporation into (1) by 
Streptom yces rimosus (Pfizer strain 17101) grown at 28 °C in 
shake culture on a glucose-based production medium (50 m l/  
250 ml flask), aliquots o f [1-13C]- and [l,2 -13C2]-acetate 
(typically 30 mg) were pulse fed following 24, 48, and 72 h
Early investigations o f the primary precursors o f the carbon 
skeleton o f the tetracycline antibiotics using 14C-labelled 
acetate, methionine, glutamate, and bicarbonate,1-4 indicated 
a predominant polyketide origin for the tetracyclic nucleus 
as originally proposed by Robinson.5 However, the authors 
o f a more recent labelling study,6 based on the systematic 
degradation o f  [2-14C]acetate-derived oxytetracycline (1), 
concluded that the mode o f incorporation o f  acetate into 
rings a  and b  required further investigation. The present 
comm unication describes the labelling pattern in (1) derived 
from [1-13C]- and [l,2 -13C2]-acetate as determined by 13C
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Table 1. 90.52 MHz 13C n.m.r. data for oxytetracycline (1), in 
(CD3)2SO, derived from [l-13C]acetate.a
Carbon S, p.p.m.
Me 24.75
NM e2 41.8
4a 42.4b
5a 49.9b
5 64.5
4 65.0
6 69.1
12a 72.7
2 95.6
11a 105.5
10a 114.6
9 114.9
7 117.1
8 136.6b
6a 148.9b
10 161.3b
c o n h 2 172.2b
12 173.8b
3 187.3C
1 193.l b
11 193.8b
a 13C Data (shifts relative to ext. Me4Si) by courtesy of Dr. P. 
Regan, Shell Research Centre, Sittingbourne, Kent. b Denotes 
enrichment in excess of 100% relative to normal abundance 
(average enrichment ca. 400%). c Broadening of signal at C-3 
precluded significant comparison of relative intensities.
growth. The cultures were harvested at 96 h and, after vacuum  
concentration o f the filtrate from the acidified broth (pH 2) 
and precipitation o f protein with N a4Fe(CN)6, the free base 
(1) was precipitated at pH 4.7 prior to conversion into the 
yellow crystalline hydrochloride (ca. 50 mg flask) by treat­
ment with methanolic HC1. Based on previously assigned 
chemical shifts,7 the proton noise decoupled 13C n.m.r. 
spectrum o f (1) derived from [l-13C]acetate, showed enrich­
ment o f  the nine alternate ring carbons (Table 1) required 
by the Robinson hypothesis. In addition, significant en­
richment o f  the carboxamide signal was observed, consistent 
with the earlier observation by Gatenbeck o f the corre­
sponding incorporation o f label from [ l-14C]acetate into this 
substituent.3
In the spectrum o f the [l,2 -13C2]acetate-derived hydro­
chloride o f  (1), all 18 ring carbons appeared as doublets 
(Table 2) with coupling constants corresponding to the 
incorporation o f nine intact C2-units. These dominant 
doublets were accompanied by lower intensity satellite peaks
SCoA
TH]_a
OH
( 2 )
SCoA
OH
R1 = E t  
.  RJ = H
2 -*19
Me
aklavinone(4 )
Me rhodosam ine
•O j NMe-
Me
2-deoxyfucose
( 6 )
c ineru lo se
Scheme 2. Possible biosynthetic interrelationship of tetracycline 
and anthracycline antibiotics.
Table 2. 62.9 MHz ?3C n.m.r. data for oxytetracycline (1) derived 
from [l,2-13C2]acetate.a
Coupled carbons /cc/H z
1, 2 60.5, 62.6
3 ,4 41.5, 42.9
4a, 5 33.9, 34.2
. 5a, 6 38.1, 38.0
6a, 7 61.0, 58.6
8, 9 57.5, 56.1
10, 10a 63.2, 63.0
11, 11a 56.0, 56.2
12, 12a 52.4, 52.5
2, CONH2 62.6, 64.6b
a 13C Data including confirmation of direct couplings between 
carbons 1 and 2, 3 and 4, 4a and 5, and 2 and CONH2 using 
homonuclear decoupling, lay courtesy of Professor D. E. Cane, 
Brown University, Rhode Island. We are also grateful to Pro­
fessor H. Seto, Institute of Applied Microbiology, University of 
Tokyo, for additional 13C n.m.r. measurements. b Low intensity 
doublet consistent with indirect incorporation via 13C 0 2.
due to less frequent incorporation o f  adjacent doubly labelled
acetate units. On the basis o f the observed incorporation o f
14COz into the C-2 carboxamide substituent, Gatenbeck  
proposed that malonamyl CoA provides the polyketide primer
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Scheme 3. Hypothetical pathway to viridicatumtoxin via 
glyoxylate and acetate.
unit.3 This implies the cyclisation o f  a linear polyketide inter­
mediate leading to the subsequently discovered 6-methyl- 
pretetramide (3), or to its hypothetical acetyl analogue (5) 
where the primer unit is o f  acetate origin. The observed 
coupling pattern would consequently require a folding mode 
as indicated in Scheme 1 (path a).
Subsequent steps in the conversion o f  (3) into (1) have 
been elucidated in some detail by the elegant mutant-based 
studies o f McCormick and colleagues8 which led inter alia to 
the detection o f  a methyl analogue o f  the tricyclic metabolite 
protetrone (4), the structure o f which is also consistent with 
this m ode o f  cyclisation.
The carbon skeleton o f  the related group o f tetracene- 
based anthracycline antibiotics, e.g. aclacinomycin A  (6) is 
similarly formed by cyclisation o f  a linear polyketide chain 
which has an initial propionate unit.9 While in contrast 
with the oxytetracycline congener protetrone, no potential 
tricyclic anthracycline intermediate has been observed, the 
currently available biosynthetic data allow a possible comm on
derivation o f  both groups o f  tetracyclic antibiotics by alterna­
tive cyclisations o f  a protetrone-like precursor (Scheme 2).
The interesting recent report10 o f  the biosynthesis o f  the 
tetracycline-like fungal toxin viridicatumtoxin (7), un­
expectedly established a different labelling pattern from  
[l,2 -13C2]acetate to that which we have observed for (1). 
However, the retention o f  oxygen at C-4a from [1-13C180 ] -  
acetate precludes a pathway involving a fully aromatic 
tetracene intermediate analogous to pretetramid. In addition, 
the derivation o f  C-2 and the carboxamide carbon o f  (7) 
from an intact acetate unit, together with the reported non­
acetate origin o f  C-3, further distinguishes it biosynthetically 
from the streptomycete tetracycline antibiotics. Conceivably, 
C-3 o f  (7) may be derived from C-2 o f  glyoxylate which 
could be incorporated into the polyketide moiety via a 
condensing enzyme similar to malate synthase (EC.4.1.3.2), 
with subsequent oxidative decarboxylation (Scheme 3).
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